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IffrROpU(?TM 
Cultivation of leguminous crops ig world wid« from ancient 
times because of t h e i r economic u t i l i t y being next t o ce rea l s only 
(Allen and Allen, 1958). In India legumes are cu l t iva ted in 
almost a l l the s t a tes e i t h e r alone or mixed with other c rops . 
Legumes include pulse, vegetable, fodder and green manuring 
crops. Pulses foim an important part of Indian d ie tary for 
being important source of p ro te ins . Cowpea i s one of the p r in -
cipal pulses in ccmmion use in India . I t i s regarded as nat ive 
of India and countr ies in North-West Asia. I t i s a lso believed 
tha t i t was introduced in to China and other eastern countr ies 
from India in the remote past (Vavilov, 1939). Several wild 
forms of cowpea are found in Africa and t h i s continent i s also 
considered the ancestral heme of t h i s p lan t . T i l l the i9th 
century, i t s cu l t iva t ion was mostly confined to South-East Asia, 
Africa and other Asiatic countr ies . With the discovery of i t i 
n u t r i t i v e value as hay, fodder, green manure, vegetable and as 
pulse, i t has now spread extensively t o the temperate zone. 
Cowpea i s also grown for use as a vegetable. Watt (1893) reported 
cu l t iva t ion of long poded variety exclusively as vegetable crop 
in the Kharif season in garden lands of India . As a vegetable, 
however, i t has a very l imited danand. I t i s a l so grown for 
fodder in different par t s of the country (Ratan Singh and Malik, 
1950 as quoted by Kachroo & Arif, 1970; Gupta, 1962). I t i s 
normally grown mixed with Jowar, bajra , ragi or maize. Occasionally 
i t i s sown as a pure crop chiefly i n paddy f i e lds a f te r r i ce i s 
harvested. In Cuttack i t i s grown as the main crop in ro ta t ion 
with mandua (Eleusine coracona) and b i a l i (Watt* 1908) espec ia l ly 
on high loamy lands . I t i s grown in the arid t r a c t s of Punjab 
and U.P. as well as in the humid t r a c t s of coastal sandy be l t of 
Kerala and East coast . In the level lands in Malnad d i s t r i c t 
of Mysore, i t i s a prcxninent pulse crop. Cowpea i s also highly 
preferred as a green manure crop since i t grows quickly t o form 
thick surface cover with i t s heavy foliage and thus smothers 
very successfully a l l weeds. I t also produces a l a rge number 
of root'.nodules and i s eas i ly incorporated in to the soi l on 
being ploughed under. As a green mannure crop t h i s i s grown 
extensively in the U.S.A., Austral ia and other coun t r i e s . 
Cowpea i s a warm season crop but i t i s not s t r i c t l y 
season bound and comes up in dzy as well as humid seasons* I t 
i s adapted to most soi l types . Several improved v a r i e t i e s 
have been evolved in many par t s of the world. In India , 
there are innumerable local v a r i e t i e s grown in di f ferent par ts 
of the country for use as pulse, vegetable, fodder and green 
marfure crops. 
Cowpea i s generally a hardy crop which i s affected by only 
a few fungal diseases (Venkataratnam, 1973). In clay s o i l s and 
when sown in i l l drained conditions root - ro t disease , caused by 
F&iizoctonia sp . , occurs resul t ing in the sudden wil t ing of p l a n t s . 
In cold weather, mildew disease may also occur. During the 
rainy season rus t disease caused by Uromyces phaseoli viqnae 
spreads l i k e a wild f i r e . Anthracnose disease caused by 
Colletotrichuro lindemuthianum and brown spot disease caused 
by Ceix;ospora sp,j. have also been reported. 
Root-knot nematodes, Meloidoqyne spp. (Godfrey and 
Ol ive i ra , 1931, 1932; Qeor^hiou, 1957; Minz, 1958; Robinson, 
1961; Swarup, 1962; Birat , 1963; Toler e t al^., 1963; Sharma, 
1963; Sethi e t £i^., 1964; Shaima and Sethi , 1975, 1976; Patel 
e t al . . , 1977 e t c . ) , cyst nematode, Heterodera cajani (Sharmt 
and Sethi , 1976) and renifortn nematode, Rotvlenchulus reniformis 
(Linford and Ol ivei ra , 1940; Linford and Yap, 1940; Taha and 
Kassab, 1980) have also been reported pathogenic t o cowpea. 
Soil i s a complex ecosystem which harbours a wide 
var ie ty of l i f e forms where na tura l ly occurring micro-organisms 
i n t e r a c t with each otherto often show symbiotic, syne rg i s t i c , 
antagonist ic or an t ib io t i c re la t ionships aanong themselves 
primarily because of t h e i r competition for food and surv iva l . 
Under f ield conditions there i s probably no so i l borne plant 
disease which can be said to has been caused purely by single 
pathogenic organism. In fact most of the soi l borne diseases 
are often the resul t of in te rac t ion of two or more pathogens of 
the sane or different groups caftising cosplex d i sease . This 
in te rac t ion of pathogens may be useful or addi t ional ly harmful 
to the host crop. Several such associat ions involving fungi, 
bacteria* and nematodes have been inves t iga ted . During the 
l a s t two decades considerable a t tent ion has been paid to the 
complex diseases caused by the in te rac t ion of nematodes and 
fungi (Benedict and Mountain, 1956; Reynolds and Hansen, 1957; 
Mc-4Ceen aand Mountain, I960; Powell, 1971; Nath et ^ 1 , , , 1974; 
Mi l l e r , 1975; Qracia and Mitch©!, 1975; Gupta e t gJ... 1975; 
Siddhu and Webster, 1977; Roncadori and Hussey, 1977; Chhabra 
et^ j l , . , 1978; Edward and Singh, 1979; Prasad e t . ^ . , 1980; 
Kellam and Schenk, 1980; Khan et, al , , , 1980; Morrel and Bloom, 
1981) but very l i t t l e a t tent ion has be©ri paid t o the study of 
in t e rac t ions between dif ferent nemttodes (Malek and Jensen, 
I960; Santo and Ber t lear , 1976; Johnson and I*isbaum, 1970; Amosu 
and Taylor, 1974; O'Bannon et al , . , 1976; Prasad and Rao, 1977; 
Vaishnav and Seth i , 1978) or between nematodes and bac ter ia 
(Cheo, 1946; Vasudeva and Hingorani, 1952; Barker e t al , . , 1971; 
Hussaini and Seshadri, 1975; and Jamal, 1976} although i t i s 
an undeniable fact t h a t in no loca l i t y the so i l i s infested 
with pure population of a single species of a plant pathogenic 
organism. Two or more species of phytopar.jsitic and/or sapro-
phytic nematodes and fungi are invar iably present in any given 
soil sample. There are, therefore, grea ter chances of the 
existence of such associat ions between different micro-organisms 
under natural condi t ions. 
Constant occurrence of nematodes v i z , Meloidoovne 
incognita (Kofoid and White, 1919) Chitwood, 1949 and 
Rotylenchulus reniforrois Linford and Oiiveira , 1940 and a 
fungus, Rhizoctonia solani was observed in several cowpea 
grc«Ming areas of Aligaiti and Banda d i s t r i c t s of Ut tar Pradesh, 
India . This association was invariably associated with seed-
l ing mortal i ty and stunting of plants which showed l e s ions 
and ga l l s on t h e root system. 
Very few attempts have yet been made t o inves t iga te the 
i n t e r - r e l a t i onsh ips between I^izobium spp. , root-knot and 
reniform nematodes and the conunonly occurring plant pathogenic 
fungi on the leguminous plants whose most s ignif icant feature 
i s the phenomenon of symbiotic nitrogen fixation (Malek and 
Jenkins , 1964; Taha and Raski, 1969; Taylor, 1971; Powell, 1971; 
Jamal, 1976; Taha and Kassab, 1980). There i s merely a mention 
by Van Schrevan (1958) and Masefield (1958) regarding the 
probable role of nematodes in modifying nodulation and nitrogen 
ass imila t ion. The role of ftotylenchulus reniforrois and 
Bhizoctonia solani cm nodulation has not been very much i n v e s t i -
gated as yet (Taha and Kassab, 1980). 
Keeping in view the importance of the crop and the 
associat ion of nematodes and the fungus observed in t he f i e l d , 
i t has been considered desi rable t o study the effect of nematode-
nematode and nanatode-fungal in te rac t ions on cowpea. Following 
invest igat ions wi l l be mades 
(1) Effect of individual and concomitant inoculations vdth 
M.' incognita . J . renlformls and £ . solanl on th« cowpea 
plants of different ages with special reference t o t h e i r 
a b i l i t y of nitrogen f ixat ion; 
(2) Effect of separate and conccwnitant Inoculations with 
d i f ferent inoculum leve l s of nematodes (M. incognita ami 
M* renifoimis) and the fungus (S* solanl) on cowpea 
(Vlqna unqulculata (L,) Waip.) var . Pusa Barsa t l ; 
(3) Studies on the effect of d i f ferent combinations of pre 
and post Inoculations with the two nematodes (M, incognita 
and J .^ reniformis) and a fungus (R, solanl) on the disease 
development and plant growth; 
(4) Effect of amending the soi l with oi l -cakes on the disease 
development and plant growth; 
(5) Effect of application of inorganic f e r t i l i z e r s in different 
combinations of NPK ra t io s on the disease development and 
plant growth; 
(6) Comparative effect of seed treatments <iNlth l ea f extractSt 
ol l-cakest nematlcide and fungicide on seedling emergence, 
nematode penetrat ion, disease development and plant growth; 
(7) Effect of different r a t ios of clay and sand on disease 
develojOTient and plant growth; 
(8) Studies on neroatoda-nematode (A .^ Incoqatta; ^ . reni for mist 
Heterodera ca.lanl. Tvlendiorhvnchus brasslcae and sapro-
phytic nematodes)interaction on plant grovrth of cowpea and 
nematode mul t ip l ica t ion; 
(9) Effect of different d i lu t ions of cu l tu re f i l t r a t e s of 
some comnonly occurring soil fungi an nematode mor ta l i ty , 
hatching, disease development and plant growth? 
(10) Screening of avai lable cowpea v a r i e t i e s for locat ing 
res i s t ance . 
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REVIEW QF LITEaAIURg 
Root system, I r respec t ive of the nature of plant species , 
i s constantly exposed to the b io t ic and abiot ic f ac to r s . Biotic 
factors include soil inhabit ing micro-organisms v*iich are 
capable of developing various kinds of i n t e r - r e l a t i onsh ip s 
among themselves as well as with higher p lan t s . Such associa-
t ions may be beneficial or dele ter ious to the p l an t s . 
The nematodes, among the microorganisms, fozm a s i g n i -
ficant component {12% of soil microflora and fauna) of the so i l 
ecosystem. Although plant pa ras i t i c nematodes by themselves 
are qui te capable of causing seilous plant diseases but they, 
in association with other soil microorganisms, often become 
much more des t ruc t ive . Several such na tura l ly occurring 
associat ions have been reported from different pa r t s of the 
world on several v a r i e t i e s of p lan t s . Plant pa ra s i t i c nematodes 
have been implicated in such associat ions to play dif ferent 
types of role (Pi tcher , 1965) where the nematodes may act ast 
(1) x/ectors of pathogens capable of self establishment once in 
contact with the host; 
(2) vectors of pathogens incapable of se l f establishment 
unless introduced below the epidermis; 
(3) mechanical wound agents; 
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(4) providtrs of necrotic infection courts; 
(5) modifiers of substrate; 
(6) breakers of disease resistance and 
(7) deterrents of plant disease. 
Investigations on nematode-fungust nematode-nematode, 
nematode-bacterial and nematode-virus interactions have been 
reviewed by several workers in the recent years (Pitcher, 
1963; 1965; Powell, 1963, 1971 a,b; Atiller, 1965; Weischer, 
1968; Bergeson, 1972; Norton, 1978; Taylor and Brown, 1981). 
Powell (1971) for convenience, categorized nematode-
fungal interactions into the following typess 
(A) NEMATODE-RJhGUS WILT DISEASE INTERACTICNS; 
(B) NaAATCX>E-aOOT-ROT DISEASE INTERACTIONS A^© 
(C) NEA/1ATCDE-FUN3US SEEDLING DISEASE INTERACTIONS. 
(A) NHWATODE-FUNGUS WILT DISEASE INTBRACTIONSi 
Atkinson (1892), for the f irs t time, observed and 
reported increased severity of Fusarium wilt due to the 
infection of root-knot nematode (Meloidoqyne spp, ) . Young 
(1931, 1940) observed similar interactions with root-knot 
nematode and root infecting fungi on tomato. Ross (1965) 
observ(Hi wilting of 'Jackson* soybean in unfumlgated plots due 
^° Fusarium oxvsporum Schlechtendahl. while plants were wilt 
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free In p lots fumigated with nematicide. Webster (1975) 
reported g rea te r severi ty of Fusarium wi l t on tomato in the 
presence of M. incognita . Liburd and Mai (1976) discovered 
tha t the simultaneous inoculation of tomato with M. incognita 
and JF. oxvsDorum f. Ivcopersiei (Sacc.) Snyder and Hansen 
resulted in e a r l i e r appearance of wi l t symptoms and increase 
in the incidence of disease as compared to the p lants inocu-
la ted with fungus alone. Costache et ^ , (1978) observed tha t 
in fec t ion of M. incognita increased the su scep t i b i l i t y of 
cucumber plants t o £ . oxysporum f, cucumerium. Association 
o^ £*• incognita and £ . oxvsporum f. vasinfectum (Atk.) Snyder 
and Hansen on cotton increased the probabi l i ty of fungal 
infect ion which was however not severe in the absence of 
nematodes (Garber e t ^ , , 1979). Lopes andLorde l lo (1979) 
observed t h a t in te rac t ion of M. incognita and £ . solani (Martius) 
Appel and Wollenweber f. pi peri was more des t ruc t ive than e i t h e r 
of the pathogens alone t o Piper nigrum L, 
Newhall (1958) observed doubling of wilt caused by 
JS» oxvsporum f. cubens (E.F.S.) Snyder and Hansen in the 
presence of Radopholus s imi l i s (Cobb, 1893) Thorne, 1944 in 
the s o i l . Cooper and Brodie (1962, 1963) reported tha t 
Belonolaimus lonoicaudatus (Steiner , 1949) Hiu, 1958 was as 
inportant as root-knot nematode in promoting FusariuBi wi l t 
caused by F, oxysporum f. vasinfectum in co t ton . Shanmugam 
et^ a l . (1977) observed t h a t the presence of Hoplolaimus 
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seinhors t i Luc, 1958 and F. oxysporum f. vaslnfectum suppressed 
the root growth of Gossvolum hlrsutum L. 
Mc-^uire e t al,. (1958) found that the extent of danage 
in a l fa l fa due to F. oxysporum f. vaslnfectum increased t o 95, 
60 and 50^ when the fungus was present in combination with 
Maloidoavne hapla Chitwood, 1949, J13. iavanica (Treub, 1885) 
Chitwood, 1949 and M. incognita respec t ive ly . Gi l l (1958) 
found tha t soil infested with £, oxysporum f. perniciosum 
(Hepting) Tool and e i t he r M. incognita or M. javanica . there 
was a severe wilt ing of Mimosa seedlings. Schindler e t al,. 
(1959, 1961) observed that the presence of endoparasit ic 
nematodes l i k e M. hapla.M. arenaria thamesi (Chitwood, 1952) 
Goodey, 1963, }A, incognita ac r i t a Chitwood, 1949 and J|. iavanica 
increased the incidence of carnation wi l t caused by F, oxysporum 
f. dianthi (p r i l l i eux and Delacroix) Snyder and Hansen, While, 
the presence of Helicotvlenchus nannus Ste iner , 1945 and 
Rotylenchus buxophilus (Golden, 1956) Perry, 1959 showed no 
s igni f icant increase in the incidence of the d i s e a s e . Por te r 
and Powell (1967) studied the in te rac t ions between the root-4cnot 
nematodes, £1, incogni ta . M. arenaria Neal, 1889, and l^, iavanica 
and jF. oxysporum f. nicotianae Johnson on tobacco and reported 
tha t s ignif icant wil t ing occurred only when both, the fungus 
and e i t he r of the nematode species, were present . Sikora (1977) 
reported tha t presence of £, oxysporum and ?* avenaceum (Fr ies) 
Saccardo with Heterodera t r i f o l i i (Soffart, 1932 showed greater 
danage to clover p lan t s . 
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Martin ejt. ^ , (1956) observed that {/[, incognita acrita 
significantly increased the Fusariun wilt incidence in cotton, 
while, other nematodes such as Trichodorus Cobb, 1913; 
Tvlenchorhynchus Cobb, 1913 and ^elicotvlenchus Steiner, 1945 
failed to do so. Rankin (1957) reported tiiat interaction of 
£• oxvsDOium either with |ft, Incognita acrita or Pratvlenchus 
leiocephalus Steiner, 1949 showed greater plant mortality in 
okra than that caused by either of these pathogens alone. 
Young et^  al,. (1976), v*iile studying the interaction of 
^* incognita. Hoplolaimus galeatus (Cobb, 1913) Thome, 1935 
and Belonolaimus lonoicaudatus with £ . oxvsporuro f. vasinfecturo 
on cotton, found that H. galeatus had no effect on the develop-
ment of wil t but other two nematodes enhanced the disease. 
Bee-Hodrigues and Ayala (1977) studied the interaction of 
Pratvlenchus zeae Graham, 1951 with species of Curvularia 
Boedijn, FUsaiium moniloforme Scheldon, Rhizoctonia solani Kuhn 
^ ^ Macrophomina sp. Petrak on sorghum and reported that root 
growth was suppressed by the association of nematode and either 
of the fungus. However, the highest damage was observed due to 
the association of £ . zeae and Curvularia spp. 
Perry (1961, 1963) reported a synergistic interaction 
between £, oxvsporum f, vasinfectum and {4. incognita on cotton. 
Kawamura and Hirano (1967, 1968) found that tomato seedlings 
showed varietal differences in wilt symptoms and that the 
complex was characterized by quantitative rather than qualitative 
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snyexgism. They also reported that most severe damage to the 
seedlings occurred when inoculated simultaneously with 
41* incognita and jF, oxvspoium f. Ivcopersici . Ferraz and Lear 
(1976) studied the interaction of M. h«pla« C. curvatum. 
Pratvlenchus dianthus and Rotvlenchus robustus (de Man, 1876) 
Fll ipjev, 1936 with £, oxvsporum f. dianthi. the casual orga-
nism of carnation wilt and reported that a l l the nematodes 
except R. robustus showed synergistic association. Qoswami 
and Agarwal (1978) reported a synergistic interrelationship 
between JA. incognita. £ . araminearum Schwabe and £ . eauiseti 
(Corda) Saccardo on soybean. 
Porter and Powell (1967), while studying the in ter -
actions between the root-knot nematodes, M. incognita. 
M. arenarla and ^, .iavanica with J£. oxvsporum f. nicotianae 
on tobacco, reported that the wilt was more severe in plants 
inoculated with fungus 2-4 weeks after nematode infection than 
in plants inoculated with both the pathogens simultaneously* 
Michell and Powell (1972) reported that simultaneous inocula-
tion with Pratvlenchus brachvurus (Godfrey, 1929), Fil ipjev and 
Stekhoren, 1941 and £ , oxvsporum f. vasinfectum caused higher 
percentage of wilting in Fusarium susceptible cotton plants as 
compared to those in which nematodes preceded the fungus by two 
weeks or when the fungus alone was used. Noguera Gonzalez (1977) 
reported that tobacco plants infected f i r s t with M, incognita 
and then with £. oxvsporum f. batatus (Wr.) Snyder and Hansen 
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developed Intensive stem necrosis within 10 days of the fungal 
infection followed by death of the plant, whereas there was no 
development of s/mptoms on plants infected with fungus alexia. 
Recently, Negron et al^ . (1982) reported interaction between 
M.' incognita and F. oxysporum f. coffeae by inoculating Coffea 
seedlings with both the pathogens singly and in combination 
either simultaneously or nematode f i r s t foXldM'ed by fungus. 
Chlorosis, root necrosis, wilting and dwarfing were s i g n i f i -
cantly greater in plants inoculated with fungus 4 weeks after 
n«natode inoculation. 
Goode and Mc-Guire (1967) reported that the infection 
of root-Jcnot nematode, M, incognita, predisposed tomato wi l t 
resistant variet ies to certain wi l t avirulent races of 
£• oxvsporum f, Ivcopersiei and probably the fungus tended to 
mutate within the host. Powell and Batten (1969) found that 
M. incognita paved the way for the infection of tobacco plants 
by the secondary organisms l ike Altemaria tenuis Nees. 
Young (1939) and Harrison and Young (1941) reported that 
the resistance of tomato variet ies to FusarLum wi l t was greatly 
decreased by the root-knot nematodes. Meal (1954) reported 
greater wi l t development in susceptible cotton variety than 
in wilt resistant variet ies in the presence of reniform nematode, 
Rotvlenchulus renifoiais Linford and caiveira, 1940. These 
findings were also confirmed by Khadr et al,. (1972) and Slgindi 
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et ^ , (1974), Jenkins and Coursen (1957) studied the in ter -
action between Meloidoqvne incognita ^ei ita or M» haola and 
Rjsaiium sp. They reported 100% wilting in Fusarium wi l t 
resistant t<«Bato variety "Chespeak" in the presence of 
Si* incognita acrjta while only 60% in the presence of M* hapla* 
Thomson (1958) reported that blackeye wi l t of bean caused by 
£. oxysDorum f, tracheiohilum (E.F. Sm.) Snyder and Hansen 
increased both on susceptible variety "Chino 3" and resistant 
variety "Grant" in the presence of fA, iavanica* Thomson et ^ l , 
(1959) noticed that presence of M. javanica not only broke the 
resistance of cowpea variety "Grant" to F. oxysporum f. 
tracheiphilum but also increased the wilt more than in the 
susceptible variety "Chino 3", Percentage of wilt ing consider-
ably diminished when preplant fuonigation was done. Davis and 
Jenkins (1963) noticed that the resistance of pea variety 
"Alaska" to J[. oxvsporum f. pi si race I (Linford) Snyder and 
Hansen was broken by the presence of |A. incognita and ^. haola. 
Sumner and Johnson (1973) studied the effect of root-knot 
nematode on FUsaiiun wilt of watermelon caused by £ . oxvsporum f. 
niveum and found that wilting was more severe in the presence of 
Hi* incognita. They also reported that wilt symptoms were more 
destructive in resistant than in susceptible cu l t ivars . Pitcher 
(1974) observed breaking of resistance when he inoculated a 
moderately resistant tomato variety "Pearson VF 11" with both 
H' javanica and £ . oxvsporum f. Iveooersici race 1. Menezes 
and Balmer (i974) reported that pea» bean, soybean and tomato 
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plants became susceptible to Jg. oxysporum f» vasinfecturo w*ien 
they were grown in soil infested with root^knct nematode. 
Johnson and Li t tre l l (1969) noticed that the presence of 
Sl» incognita. M. javanica or M. hapla failed to break the 
disease iresistance of Chrysanthwnuna variety "Iceberg" resistant 
to Fusaiium wi l t . However, their presence enhanced wilting in 
susceptible variety "Yellow Delaware". Fassuliotis and Rao 
(1960) reported that three inoculum l e v e l s each of M.incognita 
a^rita and F. oxvsporum f. conolutinans (Wr,) Snyder and Htfisen 
did not produce yellow symptoms while in Fusarium susceptible 
variety, in the presence of nematodes even at lew inoculum 
level the disease was greatly aggravated. Carter et al .{1977) 
found that the reduction in dry weight of shoot was 9 , 16 and 
47% v^en inoculated with tiie nematode, M. incognita, and fungus, 
F, oxvsponim f. Ivcopersici . alone and in combination with 
nematode and fungus respectively in the susceptible cult ivar 
of t(Mnato "Improved Pearson" while such reduction was not 
observed in the res i s ta i t cult ivar "Pearson VP. Griffin and 
Ihyr (1978) observed that inoculation of 14 day old seedlings 
with M. hapla followed by F. oxysporum after 30 days, there was 
significant reduction in the growth of plants of susceptible 
variety and not of the resistant variety. 
While studying the interaction of root-4cnot nematode 
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^ ^ FusarJum on cotton, Minton and Minton (1963) reported 
profuse and profound growth of fungus in the t i s sues danaged 
^y E* incognita acrlta. Melendez and Powell (1965, 1967) 
reported that galled t i ssues of both resistant and susceptible 
v a i i e t i e s of flue-cured tobacco were more favourable s i t e s for 
penetration and extensive development of fungal hyphae of 
L* oxvsporuro f. nicotiartae Johnson. Bowman and Blocaa (1966) 
observed that relationship of M. incognita to the breaking of 
resistance to FUsarlum wilt was indirect in tomato and conclu-
ded that M. incognita probably changed the host ji^ysiology to 
make i t more susceptible to Fusarlum w i l t . Edmunds and Mai 
(1967) and Edmunds (1968) reported that more Pratvlenchus 
penetrans (Cobb, 1917) Chitwood and Oteifa, 1952 moved towards 
alfalfa roots infected with F. oxysporum than towards uninfec-
ted roots. This may be due to l iberation of greater amount of 
OD2 from infected roots. Hirano and Kawamura (1971) noticed 
that JF. cacvsporum f. lycopersici invaded root t i ssue infested 
^ M.* incognita. FUngus mycelium colcnized giant c e l l s and 
the t i s sue surrounding the female nematodes on cucumber. In 
another study they (1972) observed that the presence of 
ML- incognita allowed the penetration of £ . axvsporum f. Ivcopersici 
^^ £• oxysporum f. niveum (E.F.Sm.) aiyder and Hansen even in 
the non host plants. Agarwal et al,. (1974) observed stimulation 
of l inear growth and hyphal thickness of £ . oxyspoma f. 
zinqiberi when treated with ginger infected with root-knot 
nematode, Haring (1976) observed that £. axvsporum f. 
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Ivcopersici compete for nutrients with gl^Wgrfl roatochiensis 
(WoUenweber, 1923) Mulvey and Stone, 1976 and invade giant 
c e l l s resulting in the developaoent of l e s s number of mature 
females md small sized cysts* 
Kleineke-Barchera and Wyss (1981) reported physiological 
changes in FUsarium susceptible and resistant tomato var ie t ies 
to Fusailum after infection by M. incognita. Stimulation of 
mycelial growth was more pronounced in the susceptible than 
in the resistant plants and stronger in roots than in shoots. 
They concluded that after infection of M. incognita there was 
an enrichment of carbohydrates, especially of the reducing 
sugars viz .* glucose and fructose as well as of free amino acids 
in the roots but l e s s in the shoots. This may possibly be the 
reason for inducing suscept ibi l i ty . 
Miller (1973) found that Fusariurn wilt of tomato was 
reduced by the presence of tobacco cyst n«natode, Globodera 
tabacuro (Lowisbery and Lownsbery, 1954) Mulvey and Stone, 1976, 
Goswami and Agarwal (1978) reported an antagonistic effect of 
Z« oxvsDorum and £,, solani with tj.. incognita on soybean. 
Binder and Hutchinson (1959), on the other hand, were 
not able to get the positive interaction between root-^not nema-
tode and FUsazium wilt on tomato. Giamalva et al,. (1962) failed 
to get the significant effect on Fusariwan wilt of sweet potato 
caused by J[, oxysporum f. batatus (Wr.) Snyder and Hansen in 
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the presence of root-4cnot nematode. Gill and Swarup (1977) 
also observed no relationship during the study of interaction, 
between Heterodera avenae Viiollenweber. 1924 (Fi l ipjev, 1934), 
FUsarlum moniliforme and Helminthosporium qramineum Rabenhorst 
on barley plants. 
There are innumerable reports wherein Verticillium Nees, 
another equally important wilt causing fungus, develop syner-
g i s t i c relationship with a variety of nematodes. As for example, 
Mehtha pipe rat a plants infected with Pratvlenchus penetrans. 
v*ien inoculated with Verticillium albo-atrum Reinske and 
Berthold developed wilt symptoms 2 weeks earl ier than those 
plants v^ich were not already infected with nematodes (Bergeson, 
1963). Olthof et al.. (1969) reported that £,. minvus Sher and 
Allen, 1953 increased the severity of yertici l l ium wi l t in 
peper. Shanmugam e»t j l , . (1977) observed that the presence of 
Hoplolaimus seinhorsti and Verticillium dahliae Kleb. suppressed 
the root growth of Gossypium hirsutum. 
Interactions of 5 Pratvlenchus species with Verticillium 
albo-atrum were evaluated using Impatiens balsamina as a host 
plant by Muller (1977). Only combinations of V. albo-atrum with 
£• penetrans or £ , vulnus Allen and Jensen, 1951 induced wilting 
symptoms, whereas,JP, crenatus Loof, i960; £ , fallax Seinhorst, 
1968, or P. thomei Sher and Allen, 1953 did not. All 5 
Pratvlenchus species penetrated young seedling roots of 
! • balsamina but only P. penetrans or £,. vulnus induced 
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necros i s . He hypothesized tha t cor t ica l t i s sue paras i t ized by 
these nematodes l o s t i t s ab i l i t y to mobilise defence react ions 
against V. albo-atrum« Overman and Jones (1977) reported 
considerable fresh weight reduction whoti 2 weekg old seedlings 
of tomato inoculated with V. al bo-at rum were grown in so i l 
infested with £4. incogni ta . Criconemoides spp. or Belonolaimus 
lonoicaudatus. Costache et al^. (1978) observed t h a t infect ion 
of M. incognita increased the suscep t ib i l i ty of cucumber plants 
to ^, dah l iae . Inh ib i t ion of cotton growth in response t o an 
in t e rac t ion of Rotvlenchulus reniformis and V. dahliae was more 
than addit ive (Tchatchoua and Sikora, 1978). Shoemaker and 
Barker (1979) suggested that ^ . incognita had no synergis t ic 
effect on Vertici l l ium wil t of tomato. Association of 
Vert ic l l l ium spp. with Pratvlenchus penetrans showed addit ive 
effect on (:hrvsanthemum (Coosanan, 1979) and Strawberry 
(Mc-*:inley and Talboys, 1979). 
Faulkner and Bolender (1969) reported 27°C as the optimum 
temperature for i n i t i a l symptom expression of Vert ic i l l ium wi l t 
of peppermint and disease develofsnent for pilants inoculated 
wi"^ £• dahliae and fratvlenchus minvus as against 24®C for 
plants inoculated with fungus alone. Overman and Jones (1970) 
reported the highest incidence of Verticilliumi w i l t on tomato 
p lants infested with Tvlenchorhynchus caoi ta tus Allen, 1955 and 
y» albo-atrum at 23°C and with M^. incognita and Y. albo^-atrum 
at 29^C. Burpee and Bloom (1974) suggested tha t the presence 
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o^ £.• penetrans increased the incubatloin period of J^ . albo-atrum 
in potato. 
Sasser et a l , (1953» 1955} reported that the presence 
of root-knot nematode reduced the resistance in tobacco variet ies 
to black-shank fungus, Phytoph'^hora parasitica Dastur var. 
nlcotianae Tucker, causing the wi l t in addition to root decay. 
Presence of Pratvlenchus penetrans increased the Verticilllum 
wilt of potato even on resistant variet ies (Morsink and Rich, 
1968; Kriku and Orion, 1977), 
The reproduction of nematodes was also enhanced in 
Verticilliuin and Pratvlenchus interactions both on tomato and 
eggplant (Mountain and Mc-Ke^, 1962; and Faulkner and Skotland, 
1965). The population of M,. hapla was high in the root syston 
of tomato plants infected with V. albo-atruro than in the plants 
infected with nematodes al one (Jacobsen et, al.,, 1979 ) . 
Goswami et al,. (1970) reported that interaction between 
SI* incognita with Sclerotiun) r o l f s i i Saccardo showed a high 
degree of synergism in wilting of brinjal plants. They observed 
that fungus-nematode interaction caused 25^ wilting as ccHspared 
to 6.253i in the presence of g . r o l f s i i alone. Goswami et al,. 
(1975) reported 33 , :^ wilting of tomato plants when inoculated 
with M. lavanica 3 weeks prior to inoculations with Rhizoctonia 
bataticola (Taub) Butler. Approximately 13.3, 6.7 and 6.75IJ 
vdlting was noted in treatments receiving simultaneous inocula-
t ions of both pathogens, fungus alone or fungus 3 week*before 
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nematode inoculation respect ively . 
(B) NaftATODE-FUNGUS RDOT-RDT INTEBACTIONi 
Apt and Koike (1962) found tha t in te rac t ion of roo t -
knot nematode, Meloidoavne incognita ac r i t a and roo t - ro t fungus^ 
Pvthium qrannicolum Subraoianian, reduced only top growth of 
sugarcane when both the pathogens were present toge the r , 
L i t t r e l l and Johnson (1969) noticed tha t "Iceberg" Chrysanthemum 
plants developed ear ly tnd severe roo t - ro t symptoms v^en 
inoculated both with p , aphanidermatum (Edison) Fi tzpat r ick and 
Belonolaimus lonaicaudatus or ^ . incognita . The most severe 
plant growth reduction was observed wdien the p lants were 
inoculated with both the nematodes, B. longicaudatus and 
M» incognita and the fungus, £.. aphanidermatum (Johnson and 
L i t t r e l l , 1970). Garcia and Mitchell (1975) reported increased 
sever i ty of pod-rot of peanut when g,. myriot.vlum Drechsler 
0^ FusarivjBB solani and ^ . arenarla (Neal, 1889) CJiitwood, 1949 
were present together . 
Mountain and Benedict (1956) reported tha t combination 
of Pratvlenchus minyus and I^izoctonia solani caused twice as 
much plant growth reduction of winter v^eat as t h a t caused by 
e i t h e r pathogen alone. Norton (1958) reported tha t charcoal-rot 
fungus, Macrophomina phaseoli (Maublanc) Ashby, and the nematode 
Pratvlenchus hexincisus Taylor and Jenkins , 1951, together 
caused more des t ruct ive rot in sorghum ra ther than fungus alone. 
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Grainger and Clazk (1963) observed a considerable decrease in 
potato yield vt^ en potatoes were moderately infested with 
S» soiani and Gl obodera rostochiensis. Chhabra et, al., (1977) 
reported that association of M. incognita with Jg. solani caused 
the highest reduction in root and shoot growth of <*ra when the 
plants were sdmultaneously inoculated with both the pathogens. 
Interaction of ^. solani and Heterodera glycines Ichinohe, 1952j 
pratylenchus scrLbneri Steiner> 1943j and Tvlenchoi^vnchus 
martini Fielding, 1956 caused damage that was not more than 
additive. ^ solani reduced nematode development arvl population 
o ' H* glycines. However, th is effect of £. martinjL was the 
l eas t (Dave, 1975). On the other hand, lrv:Lne (i965) observed 
no significant reduction in alfalfa yield at i5°G, but \«*ien 
infected by M. hapla and R. solani, maximum number of plants 
were ki l led at 20-30°C. 
Labruyere et ^ , (1959) noticed that "Early Yellowing" 
disease and root-rot of pea was dependent upon the presence of 
both, HoDlolaimus unifognis Thome. 1949 and £. oxysporum f, 
pi si (Linford) Snyder and Hansen, Interaction of Fusariian spp. 
^^ Tvlenchulus semipenetrans Cobb, 1913 increased root decay 
of l ^ o n roots (Van Gundy and Peter (1963) and 0*Bannon et a l . 
1967). Husain et al.. (in press) observed increased root-rot 
and slow decline symptoms in Citrus aurantium L. due to the 
interaction of jF, solani and T. semipenetrans. Association of 
FUsarlum mQniliforme Sdieldon and Pratvlenchus scribneri caused 
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increased growth reduction of corn at certain temperatures as 
compared to that caused by either pathogen .alone (Palmer et, a l . 
1967). Kisiel et al,. (1969) noticed that Tvlenchuf aaricola 
(de Man, 1884) Fil ipjev, 1934 also contributed towards the 
increase in root-rot of corn caused by F. roseim (Link) Snyder 
and Hansen* Saeed et al,, (1972) studied the association of 
M, incognita with £. concalor Reinking, causing root-rot of 
papaya and with JF. oxysporum. causing root-rot of tomato. They 
noticed that the disease was more severe in the presence of 
both, the nematode and either fungus. 
Wyllie and Taylor (i960) reported that root-rot of soybean 
caused by PhytODhthorc./so.1 ae Kaufman and Gerdemann was more 
severe in the presence of M. hapla rather than in i t ' s absence. 
Haglund and King (1961) reported that Tvlenchorhvnchus martini 
increased the severity of root-rot of pea caused by Aphanamyces 
euteiches Dreschslera and th i s enhancement was direct ly related 
to the nematode population. Edmunds and Mai (1966) noticed 
that interaction between P. penetrans and Trichoderma viridC 
Pers. ex. Fr, caused more reduction in root and shoot growth 
of alfalfa than either of the pathogen alone. Bookbinder and 
Ea.ocMn (1977) noticed that interaction between M. incognita 
and Uromyces phaseoli reduced fresh weight of shoot and root 
of bean to a larger extent than caused by either of the pathogen 
alone. Galling and reproducticm of M. incognita were more 
affected on the bean cultivar most susceptible to U. trfiaseoli. 
Salawu and Estey (1979) observed significant growth reduction 
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of root and shoot by soybean because of the associat ion of a 
ves icular arbuscular mycorxhizal fungus. Glomus sp. and 
Aphelenchus avenae Bastian, 1865. 
Powell and Batten (1967) and Melendex and Powell (1969) 
reported t h a t Pvthlum ultimum Trow, flhizoctonia solani arvi 
Trichoderma harzianum Rifai caused no damage t o tobacco seed-
l i n g s or mature plants but the damage was extensive in assoc ia -
t ion with root-knot nematode, when plants were already infected 
with M, incogni ta . However, simultaneous inoculat ion with 
the above fungi and the root-knot nematode showed l i t t l e damage. 
Santo and Holtzmann (1970), on the other hand, reported tha t 
simultaneous inoculation with Pratylenchus zeae Graham, 1951 
and Pvthium qran.inicolum caused more reduction of root and 
shoot growth of sugarcane than caused by e i the r pathogen alone. 
The damage was, however, aggravated when the nematode inoculat ion 
preceded the fungus, Powell (1971 a,b) reported t h a t M.incognita 
infect ion predisposed flue-cured tobacco roots to |^. ultimum. 
The fungus, more readi ly , colonized the galled t i s s u e s and the 
root damage was more tvtdien nematod* preceded the fungus inocula-
t i o n . Powell e t al,. (1971) reported an in te rac t ion between soi l 
inhabit ing fungi v iz , Pythium Prinqsheimg Curvularia Boedijni 
Botrytis Mich el i ; Aspergillus (Micheli) Cor da; Penici l l ium Link 
^<^ Trichoderma (Persoon) Hai^t on flue-cur2>d tobacco c u l t i v a r 
G-316 (Susceptible to root-knot nematode). Roots ^owed necrosis 
when infected with M, incognita and any one of the above mentioned 
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fungi but severe necrosis occurred when nematodes preceded the 
fungus by several weeks. None of the fungi induced disease in 
the absence of M, incognita. This indicates that weak pathogens 
may also beccxne pathogenic in the presence of nematodes «^ich 
may act as predisposing agents. 
Dunn and Hughes (1964) and Dunn (1968, 1970) observed 
more reduction in tomato growth when Globodera rostochiensit 
entered the roots prior to Hiizoctonia solani and Colletotrichum 
atramentarium (Berk and Br.) Taub than when fungus preceded the 
nematode or when the two pathogens entered simultaneously. 
Col l e to tr i chum atramentariun. a weak pathog^, greatly damage 
eggplant roots and reduces plant growth i f preceded by root-
knot nematode (Azam, 1975). He, further, observed that 
M* incognita aggravated root-rot of eggplant c^sed e i ther 
*'y M' golani or Pythiuro spp. Golden and Van Gundy (1975) «4iile 
studying an interaction between M, incognita and R. solani on 
tomato and okra plants, observed that j | . solani penetrated 
directly or through injuries caused by the mature females of 
nematode^. I t , especial ly, colonized galled t issue and deve-
loped sclerotia there on. Roy (1977) noticed that tomato 
cult ivar "Ailsa Craig" showed greater growth reduction when 
infested by Globodera rostochiensis and then by R. solani 
or Coll etot rich urn coccodes as compared to the situation when 
the fungus preceded the nematode inoculation. I t i s reported 
that M, incognita induced changes in the permeability of 
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infected tonato roots resul t ing in increased leakage of 
e l ec t ro ly te s and organic compounds and consequent increase in 
the vigour of roo t - ro t t ing fungi, fi. solani and Thielaviopsis 
basicola Zopf (Golden and Van Gundy, 1972). 
Powell and Nusbaum (1960), while studying the in te rac t ion 
between Phvtopkthora pa ras i t i ca var, nicotianae and Meloidoavne 
incognita a c r i t a , observed tha t the fungus colonized the galled 
t i s s u e including the c e l l s an ter ior and pos ter ior to the females 
and eggmasses and resulted in dras t ic t i s sue d i s in tegra t ion and 
subsequent disorganization* Similar in te rac t ions were observed 
on tobacco var ie ty NC-95 with £., pa ras i t i ca var, nicot ianae and 
M. lavanica (Mil ler , 1968) and with g,, arenarla and Z* crvotoaea 
on Gerbera jasemonii (Schlang and Sikora, 1978). Daykin and 
Benson (1977) observed tha t Rhododendron obtusua plants when 
inoculated with both, P . cinnamoni and Tvlenchorhvnchus clavtoni 
S te iner , 1937, showed s ign i f ican t ly poor growth than whenihfes-
ted with g^ . cinnamoni alone. T. cl avtoni possibly predisposed 
the p lants to P. cinnanoni r o o t - r o t . 
Minton and Jackson (1967) reported tha t the presence of 
IL* arenarla and g, haola enhanced the invasion of Aspergil lus 
flavus l ink on peanut. Jackson and Minton (1968), on the 
other hand, noticed no effect of ^ , flavus or ^ . niger van 
Tieghem in the presence of les ion nematode, pratylenchus 
species, Cvlindrocladiuro c ro to la r iae caused heavy damage t o 
soybean in the presence of M. incognita (Hedrick and South ards , 
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1976). The damage was, however, more when M. Incognita inocu-
lation preceded that of C. crotalarlae. Roncadori and Hussey 
(1976, 1977) studied the association of Giqaspora calospora 
and M, incognita on resistant and susceptible var ie t ies of 
cotton and observed that the mycorrhiza increased the shoot 
weight of plants than the control but the root weight was not 
affected, while M, incognita alone reduced the shoot weight of 
both the cult ivars , 
Husain et ^ , (in press) observed that Verticillium -
FUsariuiB resistant tomato variety "CalAce VP l o s t i t s r e s i s -
tance in the presence of M. javaniea particularly when the 
nonatode preceded fungus inoculation, 
Inagaki and Powell (1969) reported a synergistic in ter -
action between root les ion nematode, Pratvlenchus brachvurus. and 
£.• parasitica var, nicotianae affecting tobacco var ie t i e s suscep-
t ib l e to black-shank. Whitney and Doney (1973) reported 
synergistic interaction between cyst nematode, Heterodera 
schachtii Schmidt, 1871, and the fungi ^, solani. Colletotrichum 
atramentarium and Attianomvcea cochlioides in root-rot of sugarbeet. 
Palmer and MacDonald (1974) also reported a synergistic in ter -
action between ^, incognita and Fusarium moniliforme on maize. 
Jorgenson (1970) noticed an antagonistic interaction 
between Heterodera schachtii and Fusarium oxysporum on sugar-
beet. Hussey and Roncadoii (1977, 1978) reported that the 
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interaction between Pratvlenchus brachyurut (Godfrey, 1929) 
T. Qoodey, 1951 and the endooiycorzhlzal fungus, Giaaspora 
marqarita« did not reduce the growth of Gosgypium hirsutunit 
but the fioigus suppressed the population of nematodes in the 
root. Saka (1978) observed that Actinomyces spp. reduced the 
number of JA, incognita and £,. penetrans on toDoato growing in 
soil amended with organic matter. Mc-Intyre and Miller (1978) 
reported an antagonistic interaction between P. parasitica var. 
nicotianae and £ , penetrans on tobacco. Fortnum and Lewis 
(1978) studied <m interaction between Cvlindrocladium root^rot 
and polyspecific nematode population on soybean and reported 
that after 75 days the population of P. scribneri was s i g n i f i -
cantly lower in the presence of Hoplolaimus columbus and 
Cylindrocladium crotolarlae. Root-knot index was also adversely 
affected by the presence of H, columbus and C, crotolarlae. 
Bagyaraj e t , ^ . (1979) studied the interaction of 
vesicular arbuscular mycorrhiza with root-knot nematode in 
tranato and reported that j^, incognita and Jjl. lavanica increased 
spore production of Glomus fasiculatus. while G, fasiculatus 
reduced the number and size of ga l l s produced by M. incognita 
and |«, javanica. 
(C) f^EMATODB-RJ^ GUS SEEDLINGS DISEASE INTERACTION: 
I t i s di f f icult to draw a l ine to separate root-rot and 
seedling diseases . The l a t t e r are nothing but reflections of 
root disorders. Seedling diseases of several crops caused by 
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nonatodes and fungi have been xeported by the following 
workers. 
Post emexgence donping-off of cotton seedlings caused 
^ Rhizoctonia solan! was more severe in the presence of 
4L' incognita acrita (Reynolds and Hansen, 1957). Taylor and 
Wyllie (1959) reported that association of M. javanica or 
M» hapla with £ , solani resulted in more seedling mortality 
than caused by either pathogen singly, Brodie and Cooper (1964) 
observed that £, sol ani caused more destruction in cotton 
seedlings when they were grown in infested soi l with Rotylenchulus 
renifoimis. Hoplolaimus tvlenchiformla Daday, 1905} M. incognita 
^» ^^Plfl o^ \i* arenaila. 
Norton (1960) observed that pre-emergence daaping-off of 
cotton caused by F. oxvsporum f, vasinfectun. Pvthium debarvanua 
Hesse and B^ sol ani. showed more destruction in the presence of 
M. incognita acrita. Minton and AAinton (1966) reported that the 
effect of root»knot nematode, sting nematode or Fusarium oxysporum 
alone was not much on the emergence of cotton seedlings but i t 
was highly pronounced and dist inct when seedlings were inoculated 
with the fungus and either of the two nematodes. Khan and 
Saxena (1969) reported that association of M. incognita and 
L* oxvsporum f, Ivcopersici . caused higher seedling mortality 
and root-knot index CHTI okra than caused by either of the 
pathogens separately. The penetration of JF. catvsporum f. 
cucumerirtum in cucumber seedling roots was increased in the 
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presence of Pratvlenchut penetrans (Udagava and lyatomi, i972) , 
Wehunt andWeaver (1972) reported more growth redkiction in peach 
seedlings in the preserve of £ . oxvsporuin and with either 
HoDlolainms galeatus. Tvl enchoihvnchus clavtoni or Criconemoides 
;cenoplex Raski, 1952, 
Radopholus si mil i s and Cvlindrocaroon mtLSSL together 
caused more destruction in banana seedlings (Booth and Stover, 
1973), Adeniji «t ad,. (1975) observed that greater daoiage to 
soybean seedlings was caused by the two pathogens» Heterodera 
glycines and Phytophthora meqaspeima Drechs. var. sojae Hild, 
together than was caused by either pathogen alone. Adeniji 
(1977) studied an interrelationship of H. glycines and 
EL* mggaspeima var, sojae on soybean and found that the two 
pathogens together caused more severe disease symptoms on Pms-
susceptible cultivars "Corsoy and Dyere" than either of the 
pathogens singly, while Pros-resistant cultivar "Harosoy-63" did 
not develop any symptoms even in the presence of both the 
pathogens. Biman fit. J i* (1974) reported that seedling blight 
of rice caused by Sclerotium ro l f s i i was much greater (805l») in 
the presence of Hoplolaimus indicus Sher, 1963. Quibana (1975) 
reported that population of Tylenchus dimidius Kirjanova. 1951 
Pseudhalenchu^ Tarjan, 1958 and Pratylenchus nannies increased 
in the presence of fungus Loi^odeimium pinastri (Schrad.) Cher, 
and Pinus sylvestrls seedlings. Ndubizu (1977) found that 
association of M. hapla, £,. penetrans or T, clavtoni with 
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Verticl l l lum dahlia* resul ted in g rea te r growth reduction of 
cherry seedlings than caused by any of the aforesaid pathogens 
separa te ly . 
Powell and Batten (1967) reported tha t Rhlzoctonla 
solani and Pvthlum spp. normally caused ins igni f icant damping-
off of tobacco seedlings and no damage to mature p lants t while, 
preinfection with M, incognita caused more damage even t o mature 
p lan t s . However, simultaneously inoculated plants with fungi 
and root-knot nematodes ^owed l e a s t damage. Simultaneous 
inoculat ion with lA, incognita and Macrophomina phaseolj. or nema-
tode inoculat ion preceding the fungus resul ted in g rea te r seed-
l i n g mortal i ty of soybean than caused by the fungus alone or the 
fungus preceding the nematode (Agarwal and Goswami, 1973). 
De'Souza (1978) observed tha t simultaneous or separate inocula-
t ions of Coffea arable a seedlings with M. exiqua Goeldi, 1887 
and JR. solani caused less root necrosis and defo l ia t ion than was 
observed vrfien M. exiqua preceded £ , solani inocula t ion . 
White (1962) and Brodie (1963) reported a synergis t ic 
effect of Ffriizoctonia so lan i . Pvthlum debarvanum and root-Jcnot 
nematode in seedling disease complex of co t ton . A snyergis t ic 
re la t ionsh ip on sugarbeet seedlings has been reported due to 
the in te rac t ion of £ . solani md Heterodera schachti i (Price 
and Schneider, 1965; Polychronopoulos e t al . . , 1969 and 
Polychronopoulos, 1970), Synergistic effect between rcot"4cnot 
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n«natode and Sclerotium r o l f s i i <»t the seedling emergence of 
tomato was reported by Shukla and Swarup (1970). Whitney (1971, 
1974) reported a synergis t ic effect between Pvthium ultimum and 
H. s chac t i i in pre and post emergence daaaping-off of cotton 
seedl ings . Nath e t j l , . (1976) also reported tha t combined 
inoculat ion with M, incognita and Ozonium texaniin Neel and 
Wester, var , parasiticum Thirum, had synergist ic adverse effect 
on the germination of eggplant. On the other hand, O'Bannon 
and Nemec (1978) observed tha t presence of ves icu la r arbuscular 
mycorhizal fungus, GQ.omus morsseae reduced the adverse effect 
o^ Tvlenchulus semi penetrans on growth of Ci t rus limon seedlings. 
NEMATODE«NB<ATX)DH INTERACTIONS f 
There i s l i t t l e infoimation about nematode-nematode 
in te rac t ions as compared to nematode-fungal i n t e r a c t i o n s . These 
in te rac t ions may e i t h e r involve dif ferent species of the same 
genus or d i f ferent genera of nematodes. Only a l imited amount 
of inves t iga t ions have so far been carr ied out on T;he i n t e r -
action between dif ferent species of the same genus, 
I . INTERSPECIFIC INTERACTIONS? 
Minz and Strich-Harari (1959) reported an in te r spec i f i c 
daiinance of one species of Meloidoqyne over another. Chapman 
(1966) reported tha t 90 and 57?^  females of M, incognita matured 
at moderate and r e l a t i v e l y low temperatures respect ively in 
Case of combined inoculat ions of tomato with M, incognita and 
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M. hapla> Ferris e t al,. (1967) reported that Pratvlenchus 
penetrans tended t o reduce the population of P . a l i e n ! on soybean 
»«hen present together , Kinolch and Allen (1972) reported 
predominance of M. javanica over M. hapla when present toge ther . 
They reported increased predominance of M, javanica with the 
increasing inoculums of the two spec ies . Paez et, al,, (1976) 
observed tha t M. incognita and M. lavanica together brought about 
s igni f icant growth reduction of tobacco c u l t i v a r s '•NC-95 and 
Hicks", M, incognita or M, i avanic a alcane, however, caused no 
growth reduction, 
I I . INTERGENERIC INTERACTIONS? 
Chapman (1959) noticed tha t there was no s ign i f ican t 
difference in the plant growth of red clover and a l fa l fa when 
inoculated concomitantly with Pratvlenchus penetrans and 
Tylenchorhvndius martini or with e i t he r of the two nematode 
species separately. Population of T. martini was, however, 
reduced in case of concomitant inocula t ions . Combined 
inoculat ion of g^ . neoamblvcephalus and Criconemoides xenoolex 
Raski, 1952 on "Myrobalam" plum caused darkening of roots and 
reduction in feeder roots which led t o water logging; high 
inoculunn leve ls of e i t he r nematode species suppressed low inocu-
lun l e v e l s of the other (Braun ejt al . . , 1975). Neila and Alejendro 
(1976) reported tha t in the evsnt of cooabined inoculat ion of 
£ . coffeae (Zimmeiman, 1898) Goodey, 1951 and Scutellonema 
bradVs (Ste iner and Le Hew, 1933) Andrassy, 1958 the population 
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o^ §:.' bradvs was reduced, but the in te rac t ion resul ted In 53^ 
reduction in top growth of yam. Separate inoculat ions with 
£• coffeae and 5 . bradys. on the other hand, caused only 29 and 
213i growth reductions respect ively , Q*Bannon e t a l , (1976) 
reported tha t mixed inoculation of £ , coffeae and Radopholut 
s imi l i s resulted in lowering the population of each spec ies . 
Miller and Mc-Intyre (1975) and Mc-Intyre and Mi l le r (1976) 
reported tha t simultaneous or pr ior inoculat ions of £., penetrans 
and Tvlenchorhynchus c l aytoni, prevented the entiy of g .^ penetrans 
in tobacco roo t s . Kaplan and Timmer (1982) studied the combined 
inoculat ion of £ , coffeae and Tvlenchulus semi penetrans and 
reported tha t population of e i the r species dj.d not preclude 
infec t ion by other species. Inoculation with e i t h e r T. semi pene-
t rans or £ . coffeae tended t o reduce the population s ize of the 
other nematode species, 
Norton (1969) reported increase in the population (about 
twice) of Xiphinema americanum Cobb, 1913 in the absence of 
M. hapla than in i t ' s presence in a l fa l fa f i e ld , Pinochet e t a l . 
(1976) reported tha t conccraitant inoculat ions of Pratvlenchus 
vulnus Allen and Jensen, 1951 and Xiohineroa index Thome and 
Allen, 1950 caused grea ter growth reduction of grape vine 
(Vi t i s v in i fera) than caused by any one of them s ingly . Moreover, 
the population of X, index was reduced in the presence of 
P. vulnus. 
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Estores and Chen (i970) reported an in t e rac t ion between 
£• penetrans and M» incognita ac r i t a on tomato. They observed 
tha t penetration of P . penetrans was not affected by the presence 
of ^ . incoonita but the subsequent develqpment and reproduction 
o^ £.• penetrans were inh ib i t ed . Galls produced by M. incognita 
in the presence of P, penetrans were smaller and fewer than those 
formed in i t ' s absence. However, g^ . incognita alone caused more 
severe stunting than caused by the two pathogens toge the r . In 
another study they (1972) observed tha t in te rac t ion of 
tl . incognita and 2,» penetrans resulted in the suppression of 
population dens i t ies of both the nematodes when they co-inhabited 
tomato roo t s . Root invasion by g,, penetrans was a lso s ign i f ican t ly 
inhib i ted by the presence of M. incogni ta . Turner and Chapman 
(1972) reported tha t the effect of j o in t invasion of a l fa l fa 
and red clover by M. incognita and £ . penetrans was more or l e s s 
the saooe as for each nematode species alone. Penetrat ion by 
il« incognita i n to a l f a l f a , but not in to red clover, was s i g n i f i -
cant ly reduced »*»en simultaneously inoculated with 50 larvae 
of M, incognita and 200 specimens of g,. penetrans. When a large 
number of £ . penetrans entered in to the roo ts of both plant 
species , the penetration of M. incognita was highly reduced. 
In a reciprocal s i t ua t ion , on the other hand, penetration was 
unaffected. Gay and Bird (1973) reported tha t p r io r invasion 
by M. incogni ta , suppressed the population of g,. brachvurus on 
tomato, but, i t had no effect on a l fa l fa and tobacco. Population 
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o^ M* incognita was generally inhibi ted by tiie presence of 
£.• brachurus. APOSU and Taylor (1974) noted tha t at moderate 
inoculum l eve l s of P. penetrans and M. incognita an red clover 
the population of g^ . penetrans was reduced* whereas at higher 
inoculum level of JP, penetrans, ga l l foimation was reduced. 
Chapman and Turner (1975) reported tha t egg laying by 
Z* penetrans decreased as the nimber of nematodes and p r i o r i t y 
of invasion by M, incognita increased. When red clover was 
inoculated with M, incognita 4 days pr ior t o g.. penetrans the 
g rea tes t reduction occurred wh&n there were 65 entrant nematodes 
in w*iich the r a t i o of M. incognita and P .^ penetrans was 4 j l , 
while the grea tes t reduction in a l fa l fa occurred when the re 
were 45 entrant nematodes in the r a t i o of 2 j i , 
Prasad and Rao (1977) reported tha t in te rac t ion of 
Tvlenchoi^vnchus clavtoni and Helicotvlenchus crenatus Das, 1960 
on r i ce resulted in s ignif icant jpopulation decrease (59.1?^) of 
H* crenatus indicat ing t h a t t h i s nanatode could not e f fec t ive ly 
compete with J , c lav toni . Upadhyay and Swarup (1981) noticed 
tha t Merlinius brevidens suppressed the mul t ip l ica t ion of 
X» V"lqarf-S on vi^eat in case of combined inocu la t ions . 
Alam s i a l , (1975) reported tha t combined inoculat ion 
of M. incognita and Tvlenchorhvnchus brass icae . Siddiqui, 1961 
caused signif icant reduction in the growth of tomato plants 
than caused by the s ingle inocula t ion. Khan e t jd,, (1978) 
reported tha t the mixed inoculations of M. incognita and 
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! • brass!cae on tomato adversely affected the mul t ip l ica t ion 
ra te of both the nematodes. In the presence of X* brassicae 
mul t ip l ica t ion ra te of M. incognita was suppressed, Vaishnav 
and Sethi (1978) observed tha t combined inoculat ion of 
^* incognita and T. vulgar is improved the growth of bajra p lan t s . 
T. vulgar is exhibited antagonistic re la t ionship towards 
M, incogni ta . 
Weischer (1974) reported reduction in population of 
Ditvlenchus dipsaci (Kuhn, 1857) F i l ip jev , 1936 in the presence 
of Aphelenchoides ritzemabosi (Schwartz, 19Uj Steiner , 1932 on 
tobacco l eaves . However, the population of A. ritzemabosi was 
enhanced on stem and pet iole v^ere i t does not develop normally. 
Balakhina (1979) reported an in tergener ic antagonism between 
Aphelenchus avenae Bastian, 1865 and Aphelenc.oides saprophilus 
Franklin, 1957 on wheat where A. saprophilus was the dominant 
species . Gziffin (1980) observed that simultaneous inoculat ion 
of a l fa l fa "Nevada" ( r e s i s t an t t o M. hapla and £ . dipsaci ) with 
M. hapla and gi» dipsaci fai led to break the res i s t ance . P r io r 
inoculat ion of "Vernal•^98" ( r e s i s t an t t o M. hapla but susceptible 
^^ £• o^ipsacj) seedlings with H, dipsaci increased the ga l l ing 
caused by j4, hapla and pr ior inoculation of "Lahontan" 
( r e s i s t a n t t o £ . diosaci but susceptible t o f^, haol^) with 
il* hanla increased i t ' s su scep t ib i l i t y to D. d ip sac i . 
Bird «t al_. (1974) reported tha t under f ie ld conditions 
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^oDlolalmus columbus and ^ , Incognita s ign i f i can t ly Inhibi ted 
the population of concomitant species on cot ton . Hasan and 
Alam (1975) reported tha t the presence of M. incognita retarded 
the population build up of Hoololalmus indicus on tomato r o o t s . 
In case of combined infect ion of Rotvlenehulus reniformis 
and M. incognita an soybean, the population of the former was 
more adversely affected (Singh, 1976), The population of 
M* reniformis and Tvlenchulus semipenetrans was reduced in 
mixed infes ta t ions of grape vine (Taha and Sultan, 1977). Khair 
and Osman (1977) reported a decline inJA. incognita population 
on tomato in the event of mixed inoculations with R, reniformis 
and M. incognita . Khan et al,. (1979), on the other hand, 
reported tha t the populations of both M. incognita and 
£• reniformis were reduced in mixed infect ions on tomato. Taha 
and Kassab (1980) noted tha t simultaneous inoculat ion of cowpea 
with M, javanica and R. reniformis resul ted in the p r io r invasion 
'^ y &* javanica but l e s s increase in i t s population in cooiparison 
with R, reniformis than when M. .1 avanica was present alone. 
Mishra and Gaur (1981) reported tha t extent of growth reduction 
of black gram was r e l a t i ve ly l e s s in coixcxnitant inoculat ions 
^^^ M« incognita and SLI. reniformis than caused by e i the r 
pathogen s ingly. 
Ross (1959, 1964) reported that the population of 
M« incognita was suppressed by Heterodera glycines Ichinohe, 
1962 on soybean whereas H. glycines la rge ly remained unaffected 
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by j | , incogni ta . Root-4tnot nematode population, however, cur ta i led 
cyst production in ear ly part of the season. In the l a t e r part 
of t he season the population of cyst neasatode was higher in p lo t s 
containing both the nematodes l^an in pots containing only cyst 
nonatode. Ja ta la and Jensen (1972, 1976) observed tha t when 
Heterodera schachtii Schmidt, 1871 preceded M, hggla in an 
inoculat ion of Beta vulgaris L. a maiked reduction on gal l ing 
occurred but when the l a t t e r preceded the foimer a five fold 
increase in cyst formation was noticed. Simultaneous inocula.. 
t i o n , however, showed no s i g n i f i c m t change in population of 
e i t h e r of the nematode species. Sharma and Shethi (1975) 
observed tha t in concomitant inoculat ion of cowpea with H. eajani 
Koshy, 1967 and M. incognita, the population build up of both the 
nematodes was suppressed, however, the plant growth was s imi lar 
to t h a t obtained wherein e i the r of them was used alc»nie. Shaima 
and Sethi (1976) reported that host in fes ta t ion and t o t a l mul t ip-
l i c a t i o n of ^, incognita and H. cajani were mutually inhibi ted 
by each other. Pr ior inoculation of e i t he r species proved to be 
deteriraental to the population development of the o ther . 
H. caJani larvae penetrated fas te r and in higher numbers than 
E» jLncoqnita l a rvae . 
Malek and Jenkins (1964) reported that combined inocula-
Hon of M- hapla. Criconemoides curvatum and Trichodorus chrLst ie i 
Allen, 1957 resulted in the population decrease of nematodes. 
Mi l l e r and Wiriieim (1968) observed tha t mult iple inoculat ion of 
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tobacco with Globodera tabacum. £ . penetrans and Tvlenchorhvnchus 
Cobb, 1913 caused reduction in the infect ion and survival of a l l 
the three nematodes. Johnson (1969, 1970), while studying an 
i n t e r ac t i on between Crlconemoides ornatus Ha sk i , 1958, 
Tvl enchoihvnchus martini and Belonolaimus lonaicaudatus on six 
v a r i e t i e s of beimuda g rass , reported reduction in f inal popula-
t ion of a l l the three nematodes; population of R. lonqicaudatus 
was, however, l e a s t affected. Sikora ej^ al.. (1972) reported tha t 
in combined inoculation of Meloidoqvne naasi Rranklin,i965 
Pratvlenchus f»netrans and Tvlenchorhvnchus aaxi on creeping 
bent grass the effect of each species cm top growth was addi t ive ; 
X. aari inhib i ted the population of J^, naasi whereas, the popula-
t ion of T. aqii and P . penetrans remained unaffected i n a l l the 
combinations. Toberjimj^ ^ox (1973) studied the combined effect of 
Pratvlenchus minvus. Tvlenchorfivnchus dubius (Buetscheli , 1877) 
F i l ip jev , 1933..Macroposthonia curvata Raski. 1952, on Dianthus 
caryophyllus and D. a lp inus . He reported t h a t population of 
P. minyus was reduced on both plants in the presence of T. dubius. 
Amosu and Taylor (1974) reported an in te rac t ion between M. hapla. 
£,. penetreffis and J . aori on red clover wherein populations of 
P . penetrans ^ d X» aari were s igni f icant ly reduced in three 
species c i^bina t ion . The dry weight of shoot and roots was also 
reduced s ign i f i can t ly . Yang et a l . (1976) studied the i n t e r -
action between M, incogni ta . Belonolaimus lonqicaudatus and 
Hoplolaimus qaleatus and reported tha t pojwlations of Afl. incognita 
«"^ H* qaleatus were reduced in the ccrabined in fec t ion . The 
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presence of Criconemoides omatus* Hoplolaimus indicus and 
Tvlenchorhynchus sp. reduced the sever i ty of root-knot on 
br in ja l (ASishra and Das, 1977) and of Hoplolaimus columbus <m 
soybean (Fortnum and LewiSf 1978), 
Kaul and Sethi (1982) studied the i n t e r ac t ion between 
Heterodera zeae, M. incognita and Tvlenchorhvnchus vulgar is on 
maize. Lower leve ls of X» vulgaris at 500 larvae of H. zeae 
and lower l eve l s of M. incognita at 1000 lar\rae had synergis t ic 
effect on cyst production. Gall formation by M, incognita was 
adversely affected by the presence of one or both of t h e other 
nematode species. Final population of M. incognita was adversely 
affected by H, zeae but not by T, vu lgar i s , population of 
X* vulgar is was also recfeiced by H. zeae and M. incogni ta . 
Simultaneous inoculat ions wi-tti M. incognita did not affect the 
penetrat ion of H. zeae but the penetration of M, incognita was 
adversely affected by the presence of H. zeae. On the other 
hand, X» vulgaris tended t o enhance the penetration of M.incognita. 
A typical in te rac t ion has been reported by Toberjimnaz 
&t^^» (1977) when working with combination of Pratylenchus, 
Paratvlenchus Micoletzkv. 1922, Tvlenchorhynchus su lca tu t species 
o^ Criconemoides Taylor, 1936 Criconema Hofmanner and Menzel, 
1914; Heterodera Schmidt, 1871, and Hemicycliophora de Man, 1921 
on Bromus tencturum. B. maximum. Frankana corymbosa and Hordeum 
murinum and found tha t Heterodera s p . , Criconemoides sp, and 
Hemlcvcl 1 ophora sp, disappeared from the s o i l . 
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There are also reports where coBibined infect ion of nema-
todes resul ted in an increase in the population of one or the 
other nematodes. Bird and Jenkins (1964) observed t h a t vt^en 
craneberry roots were inoculated simultaneously vdth Hemicycliophora 
si mi l l 8 Thome, 1955 and Macroposthonia xenoplex, (Raski) Loof 
and De Grisse there was an increase in population of the former. 
Johnson and Nusbaum (1970) reported tha t mixed inoculat ion of 
M, incognita and Pratvlenchus brachvuru^ resul ted in a s igni f icant 
increase i n population of the l a t t e r on a r e s i s t an t var iety of 
tobacco, 
Sikora et^  j i , . (1972) observed tha t population of 
£• penetrans was increased in the presence of M. naasl on bent 
g ra s s . Santo and Bolander (1977) reported t h a t population of 
Macroposthonia xenopjex increased i n the presence of M. haola on 
grapes. The population of Tylenchorhynchus vulgaris increased 
in the presence of M, incognita on Pennisetum tvohoides (Vaishnav 
and Se th i , 1978), Similar ly, Schmidt and Lewis (1981) observed 
tha t the population of Scutellonema brachyurum (Steiner , 1938) 
Andrassy, 1958 increased in the presence of Hoplolaimus columbus 
on co t ton . 
INTERRELATIONSHIP BETWEEN PLANT PARASITIC NEMATCPES AND ROOT-
NODULE BACTERIAi 
Mil le r (1951) was the f i r s t t o observe inh ib i t ion of 
nodulation on plant roots in the presence of root-4cnot nematode 
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in fec t ion . Later , several other workers have a lso reported 
tha t root-knot nematodes cause reduction in nodulation on legu-
minous plants* e .g . M. haola. on hairy vetch (Malek and Jenkins, 
1964); ^ . javanica on white clover (Taha and Haski, 1969)? 
M,» hapla. |4, 1 avanic a and |5, incognita on soybean (Balasubramanian, 
1971)} M, incognita on soybean (Hussey and Barker, 1974, 1976; 
Baldwin e t ^ , , 1975); M. incognita on roung beaan (Hussaini and 
SeshadriL, 1975). M, .1 avanic a OT mung (Bopaiah e t al. , , 1976); 
a"cl E» incognita <m soybean (Srlvastava e t al. . , 1974), 
Robinson (1961) reported tha t the larvae of M, javanica 
at tack the root-ncKlules on Viona unguiculata and Stizlobium spp. 
at d i f ferent stages of the nodular development, with preference 
for younger nodules. Nigh (1966) observed tha t M. .1 avanic a 
suppressed the Shizobium nodulation on a l f a l f a , simultaneous 
inoculat ion of bacterium and nematode showed grea te r reduction 
in nodulation and nodules were ra re ly invaded by the nematode. 
P r io r inoculation with bacterium, on the other hand, f ac i l i t a t ed 
the invasion of nodules by the nematodes. ALi e t al.. (1981) 
studied an antagonist ic in te rac t ion between M, incognita and 
I^izobium leguminosarum on cowpea. They observed tha t M. incognita 
reduced nodulation and inhibi ted nitrogen f ixat ion by about 63?^  
in the nodular t i s s u e . Infected nodules contained d i f ferent 
developmental stages of the nematodes but the nematodes did not 
a l t e r the s t ructure of nodules. However, infected nodules 
deter iora ted e a r l i e r than the uninfected ones. 
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Oostenbrink (1935) noticed tha t pea plant infected with 
^eterodera qoett inqiana possessed few nodules and exhibi ted poor 
growth. However, application of nitrogen f e r t i l i z e r s compensated 
for the reduced nodulation in nematode infected p lan t s . Ichinohe 
(1955) reported tha t soybean plants infected with Heterodera 
glycines were stunted in growth, yellow in appearance (Yellow 
dwarf) and tha t such plants possessed more l a t e r a l roots without 
nodules than the healthy p lan t s . 
Ross (1959) observed tha t the sparse nodulation on non-
f e r t i l i z e d soybean was probably due to the cyst nematode a c t i -
v i t y , and thereby, substant iat ing the e a r l i e r conclusion of 
Ichinohe and Asai (1956) and Jones and Mori arty (1956). 
Wardojo et a^. (1963) reported t h a t Heterodera t r i f o l i i 
plays a competitive role in reducing the number of nodules on 
white clover roo t s . Barker and Huisingh (1970) found 93-10051^ 
inh ib i t i on of nodule development vdth simultaneous inoculat ion 
of y,. glycines and Rhizobium .japonicun. The nodular t i s s u e was 
unsui table for nematode development as syncytia fai led t o develop 
in nodular t i s s u e , although a few mature cysts developed on 
nodules. Barker e t al^. (1971) observed tha t the development of 
E» glycines on nodulating and non-nodulating l i n e s of soybean 
was reduced, especial ly on the former l i n e , in the presence of 
Hhizobiim japonicum. where nitrogen was not supplied t o the p lan t s . 
Barker e t ai,. (1972) observed tha t simultaneous inoculat ion of 
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]i* qlvcines and R, ^aponlcua *ow«d significant inhibition of 
nodules. However, 14 days delay in introducing H. glycines 
resulted in only slight to moderate inhibition of nodulation 
and most nematodes that matured in nodules were males. 
Roraaniko (1958) observed that Pratvlenchus penetrans 
parasitizes the nodules of peas, beans, vetch, peavine, alfalfa 
jBid clover. In a later publication he (I96I) reported that 
L* qlobulicola also caused early destruction of nodules in peas, 
alfalfa and clover plants. Ayala (1962) observed mature specimens 
of Rotvlenchulus reniformis attached to the bacterial nodules. 
Westcotts III Barker (1976) reported that invasion by and reproduc 
tion of Acrobeloides buetschelii de Man, 1884, a microbivorus 
nematode, inhibited N2 fixation (80-90$l() in the nodular tissue 
of liiandopea. Hoiwever, ihi9 nwnatode had no consistent detrimental 
effect cm the growth or niaaber of nodules. HalA and Jinkins 
(1964) studied the effect of Meloidoqyne haola. M. javanica. 
Tii^odoius christiai and Criconemoides curvatua on nodulation 
of Hairy vetch roots by Hhigobium leqwainosanai. and reported 
that the nodulation indices obtained were 0.0, 0 .1 , 0.7 and 0.9 
respectively. 
Shazma and Sethi (1976) showed that combined inoculation 
o^ &* incognita. Heterodera cajani and l^itobiiai on cowpea 
adversely affected the root nodulation and nitrogen content of 
the plants. These nematode species could thrive well and complete 
t h e i r l i f a cycle on nodular tissue. M. incognita reduced N^  
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cont«mt to a greater extent than H. caianl» Taha and Kaasab 
(1980) observed that inoculation of cowpea with ^. iavanica 
and/or Rotvlenchulus renifonnia and flhizobia did not affect 
nodulation, nodule foiaation was hindered only when g, renifonais 
preceded rhizobial inoculation. 
Ma8efi«ld (19^) reported that nematode galls on the 
root may affect the nodulation by causing deficiency of nutrients 
in the host root which are needed by rhizobia or by occupying 
the major poartion of root surface. Van Schreven (1938) alio 
reported deleterious effect of eel won on nodulation. UalA and 
Jenkins (1964) reported that J«. hapla. ^. javanica> Trichodorus 
chrlstiei and Criconemoides curvatua apparently interfere directly 
with the establishment of nodule fonnlng bacteria either by 
mechanically destroying the root hair, the infection s i t e s , or 
changing the physiology of roots and thus rendering the roots 
incompatible to rhizobial infection. It may also be due to 
reduction of root system as reported by Taha and Raski (1969) 
with reference to Heterodera tr i fo l i i and («. .1 avanie a on v^ite 
clover. Ross (1969) concluded that growth reduction of soybean 
plants infected with fi, glycines was a result of nitrogen 
deficiency caused by reduced nodulation and other deleterious 
effects caused by nematode infection. The reduction of nodulation 
might also be due to root-knot larvae interfering directly with 
the establishment of bacteria so that nematode may render the 
infected plant root physiology incompatible to bacterial developsent 
(Balasubramanian, 1971; Hussaini and Seshadxi, 1976). There 
vtas a corresponding decrease in nodulation vdth the increase in 
the level of M* incognita which might be due to a competitive 
or antagonistic role of nematodes (Singh et al.., 1977). 
Most of the investigations have dealt vdth the suppression 
or inhibition of nodulation by plant parasitic nematodes. However, 
stimulation of nodulation on leguminous plants by pathogenic 
nematodes for the f i r s t time was reported by Hussey and Barker 
(1976). They studied the influence of |4. incognita. M. hapla. 
Pratylenchus penetrans and Belonolaimus lonoicaudatus on nodulation 
of soybean. M. incognita. M, haola. jP. penetrans stimulated nodule 
formation and growth of soybean. While, B, longicaudatus sl ightly 
inhibited the nodulation, wdiereas plants inoculated with 
B^ . Icangicaudatus and ^ . penetrans had more nodules than nematode 
free plants, but had an adverse effect on nitrogen fixation. 
Nodules were small and less efficient in fixing nitrt)gen and were 
frequently found on the surface of root-4tnot ga l l s . Meloidoqyne 
species developed more readily within nodular t issues of soybean 
vdthout destroying their structural in tegr i ty . However, bacteroides 
did not develop adjacent to nematodes. 
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MATERIALS AND METHODS 
Ti^ o nematode species v i z . root-knot nematode, Meloidoqyne 
incognita (Kofoid and White, 1919} Chitwood, 1949 and renifoim 
nematode, Rotvlenchulus reniformis Linford and Ql ivei ra , 1940 
and a fungus Kiizoctonia solani Kuhn wil l be selected as t e s t 
pathogens. Cowpea (Vigna unquiculata L. Walp var . Pusa Barsa t i ) 
will be used as t e s t p lan t . 
PREPARAnON AM) STERILIZATION OF SOIL MIXTURE? 
S»ndy loam soil col lected from a fallow f ie ld of Aligarh 
Muslim University Faim will be sieved through 16 mesh sieve and 
mixed with sieved r i v e r sand and organic manure in the r a t i o of 
38 is i respect ively . Throughout the course of s t ud i e s , unless 
stated otherwise, 6* pots wil l be f i l l ed with t h i s so i l mixture 
at the ra te of 1 kg/pot. A l i t t l e water wil l be poured in each 
pot to j u s t wet the soi l before t rans fe r r ing t o an autoclave for 
s t e r i l i z a t i o n at 20 l b . pressure for 20 minutes. S te r i l i zed pots 
wi l l be allowed to cool down at roooQ temperature before use for 
experiments. 
For studying the effect of soi l type, d i f ferent soi l 
mixtures containing clay and sand in the r a t i o of 4i0j 3 :1 ; 2t2; 
i j 3 and 0t4 will be prepared and autoclaved. Later , these soi l 
mixtures will be f e r t i l i z ed vdth inorganic f e r t i l i z e r s at the 
r a t e of X.O, 2.4 and 0.6 g of amnonium sulphate, superphosphate, 
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and murate of potash respect ively for supplying ni t rogen, 
phosphorus and potassium. 
The seeds wil l be sown in different soi l mixtures contained 
in 6" clay pots a f t e r two days of f e r t i l i z e r appl ica t ion , p l an t s 
grown in Aligarh soi l (40 ,1^ sand, 49.9?i s i l t and 9,8^ c lay) and 
those inoculated and uninoculated ones wi l l serve as con t ro l , 
RAISING AND MAINTEN^CE OF TEST PLANTS: 
Seeds of t e s t p lant , surface s t e r i l i z e d with 0 , 1 ^ mercuric 
chlor ide for 2 minutes and washed t h r i c e in s t e r i l i z e d water, wi l l 
be t rea ted with cowpea s t ra in of Rhizobium before sowing. Sucrose 
solution (5^) wil l be used as s t i cke r for bac te r i za t ion . The 
bacterized seeds, dried at room temperature, wi l l be sown in each 
pot at the ra te of 5 seeds/pwt and five days a f t e r t h e i r germina-
t ion thinning wi l l be done so as to maintain only one plant per 
pot, Watering will be done v*ienever required. One week old, 
well established and healthy seedlings wil l be used for exper i -
mental purposes throughout the course of inves t iga t ions , unless 
s ta ted otherwise, 
RAISING AND MAINTENANCH OF PURE CULTURES OF NEMATODES: 
Pure cul ture of M, incognita will be raised on cowpea 
plants using single eggmass col lected frc^n galled cowpea r o o t s . 
The eggmass wil l be surface s t e r i l i z e d by t r ea t ing i t with iiSOO 
aqueous solution of chlorox (Calcium hypochlorite) for 5 minutes 
as described by den Ouden (1958). Treated eggmass wi l l be washed 
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t h i i c e in d i s t i l l e d water. The eggs, in the eggmass will be 
allowed to hatch out at 27°C under aseptic conditions on a sieve 
layered with t i s s u e paper and kept in pet r ld ish containing 
suff ic ient amount of s t e r i l i zed d i s t i l l e d water. Cowpea seed-
l i n g s grown in 12'« clay pots containing autoclaved soi l wi l l be 
inoculated with the larvae so obtained. A s l ide of perineal 
pattern of the sane female from which the eggmass wi l l be picked 
up, wi l l be prepared and examined for species i den t i f i ca t i on and 
v a r i f i c a t i o n . 
The inoculum of reniform nematode w i l l , at f i r s t , be raised 
on one week old cowpea seedling grown in 4" clay pot containing 
small amount of s t e r i l i z e d soil by t ransfer r ing s ing le , s t e r i -
l i zed gravid female in the v ic in i ty of the root zone. Nematodes 
wil l be extracted from the pot soi l af ter a month through graded 
sieves of 16, 60 and 400 mesh according to modified Cobb's s i f t -
ing and gravi ty method followed by Baermann funnel technique 
(Southey, 1970), Nematodes so obtained, will be used for inocu-
l a t i n g fresh cowpea seedlings growing in several 12" clay pots 
containing s t e r i l i z e d s o i l . Second stage larvae of root knot 
nanatode and immature females of renifoiiii nematode wi l l in fes t 
the roots and multiply there on in respective pots . After 6-8 
weeks, a l i t t l e of soil from near the root zone and roots of 
inoculated plants will be ex^oiined separately t o confirm the 
establishment and mul t ip l ica t ion of each nematode species . After 
2-3 months, the plants wi l l be cut at the ground level and the 
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soil vdli be processed for nematode extract ion by the technique 
mentioned e a r l i e r . The roots wil l be washed thoroughly under 
running tap water, cut in to small pieces and t ransferred near 
the root zone of cowpea seedlings growing in the microplots 
containing s t e r i l i z ed s o i l . Separate soi l suspensions containing 
M» incognita and immature females of fi. reniformis wi l l also be 
t ransfer red , with the help of stertiifeed p ipe t t e , t o the root 
zone of cowpea seedlings growing in the respective microplots. 
Cowpea seedlings will be inoculated from time to time in order 
t o maintain a regular supply of the respective inoculum. Pure 
cult i i res of g . incognita and g^ . reniformis multiplied and main» 
tained in t h i s way w i l l , t he rea f t e r , be used for obtaining 
required inoculum. 
Cysts of Heterodera caj ani and specimens of Tvlenchoihvnchus 
brassicae will be i so la ted from the na tura l ly infested soi l by 
using Fenwick*s-can and Cobb's sieving with Baerraann funnel 
techniques respect ively , Cowpea seedl ings, grown in separate 
microplots, will be inoculated with J,, brassicae and H, caiani 
for rais ing t h e i r cu l tu re s . 
PREPAHATIQN OF NEMATC3DE IHQClLU/li 
Large number of eggmasses, from heavily infected cowpea 
roots on which pure culture of M. incognita would have been 
mul t ip l ied , wil l be hand picked with the help of an s t e r i l i z e d 
forcep. These eggmasses, a f t e r being washed i n d i s t i l l e d water, 
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vdll be placed in a sieve with a l ayer of double t i s s u e paper. 
The sieve vdll be placed over a pet r id ish (10 cm diameter) 
containing water. The water level wil l be kept such tha t i t 
j u s t touches the lower portion of the sieve having eggroasses. 
A se r i e s of such assemblies wi l l be kept t o obtain l a rge number 
of second stage larvae required for inocula t ions . After every 
24 hours, the hatched out larvae will be col lected along with 
water from the pet r id ishes in a beakar and fresh water added t o 
the petridish^ 
For extraction of renifoim nematode, so i l wi l l be collected 
from the root zone of heavily Infected cowpea p l an t s , on which 
pure cul ture of t h i s nematode would have been r a i s ed . This soi l 
wi l l be processed for extract ion of immature females and males 
of renifoim nematode using the technique described e a r l i e r . The 
quan t i t i t y of soi l to be processed for extract ion of R. reniforrois 
would depend upon the amount of inoculum rec[uired. After 24 
hours, nematode suspension will be collected in separate beakers 
from the funnel stem, X» hrassicae and saprophytic nematodes wil l 
s imi lar ly be extracted from the infested s o i l . Soil for 
X» brassicae wil l be obtained from microplots in which i t s cu l tu re 
wi l l be maintained, whereas humus soi l ( r ich in organic matter) 
wi l l be col lected from the Agriculture Farm, Aligarh for ex t rac -
t ion of saprophytic nematodes. Inoculum of Heterodera caJani 
vdll be obtained by putting freshly collected cys t s in the root 
exudates of Ca.1 anus c^jan for hatching. Root exudate wi l l be 
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obtained by immersing thpoughly washed 2 weeks old C. cajani 
seedlings for 24 hours in water contained in 230 ml beakers. 
Hatched out larvae wil l be col lected and used as inoculum. 
Separate water suspensions of above mentioned nematodes 
wil l be thoroughly s t i r r ed for making homogenous d i s t r ibu t ion of 
nematodes before taking 2 ml suspension in the counting dish 
(Southey, 1970) for counting the number of nematodes from each 
sample under the stereoscopic microscope. An average of five 
counts wi l l be made to determine the densi ty of nematodes in the 
suspension. 
Volume of water in the nematode suspension wi l l be so 
adjusted tha t each ml may contain about 100 nematodes. I t wi l l 
be done by adding more water or decanting the excess amount of 
water, as the case would be, so tha t 10 ml of t h i s suspension may 
be poured in each pot to provide required inoculum level ( i . e . 
1,000 nematodes/pot). 
I30LATION OF FUNGI FI^I HHIZOSPHEx^  ATO INFfiCTSD CQNPBA ROOTS i 
Cowpea plant^js showing d i s t i n c t ga l l s and exhibit ing root-
rot and wi l t symptoms will be collected in polythene bags from 
the infested f ield near Shahjamal, Aligarh, where cowpea i s c u l t i -
vated on a large sca le . 
Excess amount of ~oil adhering to the roc ts wi l l be removed 
by shaking the root system. The soil s t i l l l e f t adhering to the 
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the roots wil l be scrapped and col lected over the b u t t e r paper 
vdth the help of s t e r i l i z e d needle. The soi l thus obtained wi l l 
be thoroughly mixed and one microspatula of t h i s so i l wi l l be 
t ransferred to 100 mm dianeter pe t r ip l a t e to which 15-20 ml of 
s t e r i l i z e d , melted and cooled Potato-dextrose-agar (P.D.A.) w i l l , 
l a t e r , be poured« Ten plates will be poured for each sample 
performing a l l operations under aseptic condi t ions . The inocu-
la ted pe t r l p l a t e s will be incubated at 28 + 2°C. Fungi, t ha t 
wi l l grow af ter 5-6 days of incubations, wil l be iden t i f i ed and 
subsequently pur i f ied . 
i»eria) washing technique wi l l be employed t o i s o l a t e 
£• solani from the infected root t i s sues (Harley and Wald, 1955), 
Roots will be t ransferred to s t e r i l i z e d dish containing s t e r i l i z e d 
d i s t i l l e d water and gently freed of soi l p a r t i c l e s . The roots 
wi l l then be t ransferred to another dish and the process wi l l be 
repeated t i l l such time tha t a l l the adhering so i l pa r t i c l e s are 
removed. The roots w i l l , then, be cut in to approximately 5 nan 
pieces and t ransferred to a petr idish containing 0,1% mercuric 
chloride so lu t ion . After about a minute, the root pieces wi l l 
be given three successive washings in s t e r i l i z e d d i s t i l l e d water 
and dried on f i l t e r paper. Five of these root pieces w i l l , 
then, be picked in each of the 10 pet r i p la tes containing about 
15-50 ml s t e r i l i z e d , cooled and melted P.D.A* with the help of 
s t e r i l i z e d foixep under aseptic condit ions. These inoculated 
pe t r i p l a t e s m i l be incubated at 28 4^  2°c for about 10 days. The 
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fungus tha t wi l l develop on root segments wi l l be examined and 
i den t i f i ed . On confirmation of i t s iden t i ty as R, so lan i . i t ' s 
pure cu l tu re wil l be prepared, 
RAISING AND MAINTENANCE OF FUNGAL CULTURES I 
Fungal inoculum w i l l , further , be raised in Richard's 
l iqu id medium (Riker and Riker, 1936) having the following 
composition. 
Potassium n i t r a t e 10.00 g 
PotassiuD dihydrogen phosphate 5.00 g 
Magnesium sulphate 2.50 g 
Ferric chloride 0.02 g 
Sucrose 50.00 g 
Dis t i l l ed water iOOO.OO ml 
The medium wil l be prepared, f i l te red through muslin c lo th 
and s t e r i l i z e d in an autoclave at 15 lb pressure for 15 minutes 
in 250 ml Erlenrceyer flasks each containing 80 ml of l iqu id 
medium. 
Small fungal discs wil l be cut with the help of 10 mm bore 
s ize s t e r i l i zed cork borer frorr- the pure cul ture of R. sol an i . 
e a r l i e r developed in pe t r id i shes , and t ransferred singly to the 
l i qu id medium in the conical f lask . Same process wi l l be repeated 
for ra is ing and maintenance of other fungi obtained from cowpea 
V O 
rhizosphere. Inoculated flasks wil l be incubated at 28 + 2 C 
for about 15 days to allow fungal growth to be used for fur ther 
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studies* 
Pure cul tures w i l l , continuously, be maintained on PDA 
contained in the pet r id ishes by reinoculat ion of the fungi a f t e r 
every 15 days. 
PREPARATION OF FUNGAL INCX:iLUMt 
After incubating the flasks for about 15 days, the l iqu id 
medium wil l be f i l t e red through Whatman f i l t e r paper no. 1, the 
mycelial mat will be washed in d i s t i l l e d water to remove the 
t races of medium and gently pressed between the folds of s t e r i l e 
b lo t t ing paper to remove the excess amount of water. Inoculum 
will be prepaieci by mixing iO g fungal mycelium in iOO ml of 
s t e r i l i z e d d i s t i l l e d water and blending i t for 30 seconds in a 
waring blender (Stemerding, 1964). Thus each 10 ml of t h i s 
suspension wi l l contain 1 g of fungus. 
Culture f i l t r a t e s of commonly occuring itiizosphere fungi 
will be obtained and a r b i t r a r i l y termed as standard solut ions " S " . 
Different d i lu t ions (3 /2 , S/iO, S/iOC and S/IOCO) wil l be prepared 
from each standard solution by adding required amount of s t e r i l i -
zed d i s t i l l e d water, 
;NQGULATIQN TECHNIQUESI 
Unless s ta ted otherwise, one week old cowpea seedlings 
wil l be inoculated with 1000 specimens of each nematode species 
and i g fungus respect ively throughout the course of these inves-
t i g a t i o n s . 
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Feeder roots of seedlings, j u s t before inocula t ions , wi l l 
be exposed by carefu l ly reraoving the top layer of so i l and a 
required quantity of nematode suspension and/or fungal inoculum 
will be poured unifoimly a l l around the exposed roots using a 
s t e r i l i z e d p ipe t t e . Exposed roots wi l l iranediately be covered 
by l eve l l ing the soil properly. 
Both, individual and simultaneous inoculat ions of d i f f e r -
ent pathogen combinations wil l be done unless s ta ted otherwise. 
Throughout the course of studies each treatment wil l be 
repl icated th r i ce andwtaieym wil l be done af te r every 24 hours, 
TREATMENTS t 
STUDIES ON PATHOGENICITYt 
Individual and combined ef fec ts of the two nematode species 
(M* iriCoo.Ata and £ , renifonnis) and the fungus ( j | , so lan i ) on 
plant growth and disease development will be studied using th ree 
d i f fe ren t inoculum l eve l s (100, 1000 and 10,000 nero at odes/plant 
and/or 0 .5 , 1.0 and 2 ,0 g fungal suspension/plant) of each patho-
q&n individual ly and in t h e i r various possible combinationi as 
outlined in Table-i, 
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Table - i : Inoculation schedule showing di f ferent treatments 
and t h e i r combinations. 
Trea t -
ment 
No. 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10, 
1 1 . 
12, 
13 , 
14. 
1 5 . 
16 , 
17 . 
1 8 . 
19, 
20 , 
2 1 . 
N@ODatode 
(Number of i 
M. i n c o q n i t a 
100 
1000 
10000 
-
•• 
-
• 
-
-
90 
10 
900 
100 
9000 
1000 
100 
1000 
10000 
100 
1000 
10000 
inoculum 
nemat odes /po t ) 
j | . reniformii 
• 
• 
«• 
100 
1000 
10000 
«K 
Mr 
-
10 
90 
100 
900 
1000 
9000 
-
«•• 
mm 
-
<MB> 
«» 
Fungus inoculum 
(g m^el ium/pot) 
R. solani 
* 
-
-
mm 
-
-
0 . 5 
1.0 
2.0 
-
mt 
-
-
-
-
0 . 5 
0 . 5 
0 . 5 
1.0 
1.0 
1.0 
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2 2 . 
2 3 , 
2 4 . 
2 5 . 
2 6 . 
27 . 
2 8 . 
29 . 
30 . 
3 1 , 
32. 
33 , 
34. 
35 . 
36 . 
3 7 . 
38 , 
39, 
4 0 . 
4 i . 
4 2 . 
4 3 . 
4 4 . 
4 5 . 
100 
1000 
10000 
-
-
-
-
^m 
-
«» 
«•> 
-
90 
10 
900 
100 
9000 
1000 
90 
10 
900 
100 
9000 
1000 
iW 
urn 
-
100 
1000 
10000 
100 
1000 
10000 
100 
1000 
10000 
10 
90 
100 
900 
1000 
9000 
10 
90 
100 
900 
1000 
9000 
2 .0 
2 .0 
2 .0 
0.5 
0.5 
0.5 
1.0 
1.0 
1,0 
2.0 
2 .0 
2 .0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1,0 
1,0 
1.0 
1.0 
1.0 
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46, 
47 . 
48 . 
49. 
50, 
5 i . 
90 
iO 
900 
iOO 
9000 
iOOO 
10 
90 
iOO 
903 
iOOO 
9000 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
PRB AM) POST-INOCULATIQN OF PAraOGENSl 
In cases of multipathogenic infect ions of a host p lan t , 
interpathogenic competitions for food and survival are very much 
expected. In order to study t h i s aspect of i n t e r a c t i o n , cowpea 
seedlings both bacterized and unbacterized, wi l l be inoculated 
vdth the three pathogens (M. incogni ta . R. reniformls and 
M* solani) individual ly and in t h e i r various combinations of 
simultaneous eind pre and post inoculat ions as outlined in Table-.2. 
Two se t s of plants (uninoculetcd - bacterixed and uninoculated -
unbacterizedj will be kept as con t ro l . Each pot wi l l receive 
1 giR Rhizobiel inoculurr wherever needed. For preparing 
Rhizobial inoculum 10 gro cammerciel bac ter ia l cul ture of ccwpea 
s t r a in of Rhizobiuir y411 be dissolved in 100 ml s t e r i l i z e d 
d i s t i l l e d water so tha t each 10 ml suspension would contain 
1 gm bacter ia l cu l t u r e . 
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Table •» 2t Inoculation schedult . 
1. Uninoculated - unbacterized 
2 . Uninoculated - bacterized 
3 . Inoculation with M + Rh 
4 . Inoculation with R + Rh 
5. Inoculation with F + Rh 
6. Inoculation with M • R •»• Rh 
7. Inoculation with M ••• F + Rh 
8. Inoculation with R • F + Rh 
9. Inoculation with M + R + F + Rh 
10, Inoculation with Ui 15 days p r io r t o M 
11 , Inoculation with M 15 days p r io r t o Rh 
12, Inoculation with Rh 15 days pr ior to R 
13, Inoculation with R 15 days pr ior t o Rh 
14, Inoculation with Rh 15 days pr ior to F 
15, Inoculation with F 15 days p r io r to Rh 
16, Inoculation with M 15 days p r io r to R + Rh 
16. inoculation with R + Rh 15 days pr ior to M 
18. Inocj la t ion with M 15 days pr ior t o F • Rh 
19. Inoculation with F <^  Rh 15 days p r io r t o M 
20, Inoculation vdth R 15 days pr ior t o F + Rh 
2 1 . Inoculation with F + Rh 15 days pr ior to B 
22, Inoculation with M + R 15 days pr ior t o Rh 
23 , Inoculation with Rh 15 days p r io r t o M ••• R 
24. Inoculation with M ••• F 15 days pr ior to Rh 
25 . Inoculation with I^ 15 days pr ior to M 4- F 
26. Inoculation with R • F 15 days pr ior t o Rh 
27, Inoculation with l^ 15 days pr ior to R + F 
28, Inoculation with M + R ••• F 15 days pr ior t o Rh 
29, Inoculation with Rh 15 days p r io r t o M • R + F 
Where, Rh » Rhizobium; M » ^ , incoonitat R « a» renifoimisi 
F a g , so lan i . 
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iftPPLIGATION OF NPK FERTILIZERS; 
Anunonlum sulphate ( ^ 4 ) 2 SO^ , Superphosphate fCa {H2P0^)2 
and CaH POL) and the murate of potash (KCl) vd.ll be used as 
f e r t i l i z e r s for the supply of ni t rogen, phosjjhorus and potassium 
respect ive ly . 
These f e r t i l i z e r s will be thoroughly mixed with the pot 
soi l in such a way tha t the plants may receive the following 
doses of NPK. 
0 0 0 
h ^2 ^ 2 
Rj P2 S 
N3P2K2 
2^ Pi h 
N2 ?2 ^2 
^2 ^3 ^2 
^2 ^2 ^ i 
^2 ^2 ^ 
^ ^2 ^3 
where Nj^  = 50 mg N/kg so i l ; N^  * ^^ ^9 N A 9 s o i l ; N3 « 200 rog 
N/kg s o i l ; Pj^  = 150 mg PjO^Ag s o i l ; P2 « 300 mg PjO^/kg 
so l l t P3 a 600 mg p20jA9 s o i l ; Kj^  a 50 mg KAg s o i l ; 
K2 = iOO mg KAg s o i l ; K3 « 200 mg K A Q soi l and 
N P K » Unfert i l ized pots (N » Nitrogen, P =» Phosphorus and 
K « Potassium). Sowing will be done a f t e r two days of 
f e r t i l i z e r appl ica t ion. 
OIL-CAKE ^PLICATION t 
For studying the effect of different oi l -cakes on plant 
growth and disease development, margosa (Azadirachta indie a Juss.)> 
mustard (Brassica compestris L inn . ) ; cas tor (Ricinus communis Linn. ) 
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a. and groundnut (Arachls hvpoqpa Linn.) cakes iwill be used t o amend 
the s t e r i l i z e d soil so as t o provide 0 ,5 , i.O and 2 .0 g of 
nitrogen/kg of s o i l . Soil application of iO, 20 and 40 g of 
margosa, mustard and cas tor cakes and 16.7; 33.4 and 66.8 g of 
groundnut cake will provide 0 .5 , 1,0 and 2 .0 g of n i t rogen. 
Required quantity of cakes will be thoroughly mixed with the pot 
soil and l e f t to decompose. Cowpea seeds wi l l be sown af ter a 
waiting period of 3 weeks. One week old seedlings wi l l then be 
inoculated. Untreated, uninoculated and t rea ted uninoculated 
se t s vdll serve as con t ro l . 
^HD TREATMENT WITH QlL-CfiKBS. NeAATICIDE. FU^GICIDE A^ O PLANT 
SCTHACTS: 
Separate pastes of 10 and 20 g each of margosa and ground-
nut cakes vdl l be prepared in 50 ml neutral gum (used as s t i cke r ) 
for pre-sowing treatment of iOU g cowpea seeds in each pas te . 
A nematicide, aldicarb/Temik 10 G-(2 methyl-^--(raethylthio) 
propional dehyde 0-{methyl carbamoyl )-oxlme and a fun'^icide -
carbendazim/Bavastin-2 (Methoxy-carbomoyl )benzimidaz3l«* wi l l be 
used for seed t rea tments . Nematicides/fungicide pastes will be 
prepared by mixing 0,2 and 0.4 g of each pes t ic ide separately 
with 50 ml of neutral gum. Seeds will separately be mixed with 
each paste thoroughly to give <i uniform coating of the seeds with 
the pest ic ides and o i l -cakes . 
Freshly col lected green leaves of margosa and marigold 
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(Taqetes erecta Linn.) wil l be s t e r i l i z e d In 0 , 1 ^ mercuric 
chloride solution for 2 minutes and subsequently wa^ed th r i ce 
in s t e r i l i z e d d i s t i l l e d water. These leaf«s (50 g each) wi l l 
be chopped and blended separately in 250 ml, d i s t i l l e d water 
for 30 seconds, in an e l e c t r i c a l l y operated waring blender. 
Cowpea seeds (100 g) wil l be kept in each leaf ex t rac t for 10 
and 20 minutes. Seeds, so t r ea t ed , wil l be spread over a glass 
p la te and allowed to dry in shaie before sowing. One week old 
seedlings will be inoculated singly and concomitantly with 
M* incognita, R. reniformis and | [ . so lan i . Suitable controls 
(such as untreated, uninoculated; untreated, inoculatedj t rea ted 
with gum and uninoculated; t rea ted with gum and inoculated; 
t rea ted with s t e r i l i z e d water inoculated and uninoculated -
t rea ted with l ea f ex t r ac t s , uninoculated e t c . ) wi l l a lso be 
maintained for comparison. 
Fifty t rea ted seeds of every treatment wi l l bs sown in 
3** diameter pe tdd i shes ©ach containing 100 g autociaved s o i l . 
Individual and concomitant inoculat ions with the two nematode 
species and the fungus wil l be smimultaneously done. Properly 
labe l led dishes a f t s r a l i g ^ t i r r i g a t i o n , wil l be randomly 
arranged on the glass house bench and l e f t for 10 days at 25-30°C. 
The numbfer of seedlings that will emerge in each dish wi l l be 
counted and the percentage emergence ca lcula ted . Adequate soi l 
moisture will be maintained by providing regular i r r i g a t i o n . 
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NEMATODE PENETRATIONi 
Effect of seed treatment, with oilKsakes, nematicide, 
fungicide and leaf e x t r a c t s , on nematode penetratitHi vd l l be 
studied. Treated and untreated seeds wi l l be sown at the ra te 
of one seed per micropot containing 150 g s t e r i l i z e d sand. &t& 
week old seedlings wi l l be separately inoculated by pipet t ing 
100 freshly hatched larvae of |4. incognita and freshly col lected 
immature females of J|. reniforrois over the root surface of 
p lants growing in each micropot. 
The seedlings wil l be uprooted careful ly a f t e r 2 , 4 and 8 
days of nematode inocula t ion. Root system wil l be gently washed 
with water and l a t e r stained in 0,1% cot ton blue in lactojrfienol. 
Number of nematodes inside the root wil l be counted a f t e r d i s s e c -
t ing them out underjstreoscopic microscope and percentage of 
penetration wi l l be ca lcula ted . 
DISEASE DEVaCPMENT AfJD PLANT GBOWTHt 
Treated seeds wil l be sown in 6" claypots at the r a t e of 
one seed per pot. One week old seedlings, developing from t rea ted 
seeds, wil l be inoculated with both the nematodes (M. incognita 
and ^ , renffoimia) and the fungus (JJ, so lan i ) ind iv idual ly and 
concomitantly. Effect of these inoculat ions on plant growth 
and disease development wi l l be s tudied. 
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NByiATODB«Na^ ATCX)B INTERACTIONi 
Effect of individual and concomitant inoculat ions 
(involving various combinations of selected nematode species) 
of one week old cowpea seedlings with 1000 specimens each of 
(saprophytic nematodes (mixed populations) , T, b rass icae , 
B* reniformi^. 5 .^ incognita and ii, ca jani ) wi l l be studied on 
plant growth and disease development according t o the plan given 
in Table-3. 
Teble - 3j Treatments involving individual and concomitant 
inoculations for studying nematode-nematode i n t e r -
actions 
i . 
2 . 
3 . 
4 . 
5, 
6 , 
7 . 
8 . 
9 . 
iO. 
1 1 . 
12, 
13 . 
S alone 
T alone 
R alone 
M alone 
H alone 
S • T 
S 4- R 
S -fll 
S -• H 
T • R 
T • M 
T + H 
R • M 
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14, 
15 . 
16. 
17. 
18. 
19. 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2 4 . 
2 3 . 
R ^ 
S + 
s + 
s + 
s + 
s ••• 
s + 
s -*-
s • 
s • 
T • 
S -t-
H 
T + R 
T •»• M 
R + M 
H + T 
H •»• R 
H <• M 
T •*• R •«• M 
R + M • H 
T + R ••• H 
R + M + H 
T + R •!• M + H 
Where S « Saprophytic nematodes; T s T. brass icae; R.a £ . reniformlst 
his 3 JA. incognita; and H = H. ca.iani. 
MOHTALITY Af€) HATCHING TESTi 
For studying hatching and morta l i ty , s t e r i l i z e d pe t r id ishes 
of 5 cm diameter wil l be separately pipetted with 5 ml of each 
d i lu t ion of fungal f i l t r a t e . Two drops of 0»l% solution of 
streptomycin sulphate will be added t o each pe t r id i sh t o avoid 
bacter ia l contamination. One hundred freshly hatched larvae of 
^» incognita and irranature females of £ . reniformis wi l l be 
separately t ransferred to each d i sh . The same number of root-knot 
nanatode larvae and immature females of reniform nematode t r a n s -
ferred to separate petr idishes containing s t e r i l i z e d d i s t i l l e d 
water wil l serve as con t ro l . 
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After 6, XZ, 24 and 48 hours the number of immobilized 
nematodes wi l l be counted under stereoscopic microscope* AF>pa* 
rent ly immobilized nematodes wi l l f i r s t be t ransferred to d i s* 
t i l l e d water for an hour to ascertain t h e i r mobi l i ty . I f they 
fa i l to regain mobility they will be considered dead. Death of 
nematodes wil l further be confirmed by staining them in New Blue-
R (Shephered, 1962) and the percentage mortal i ty wi l l be calcu* 
1 ated, 
For determining the cdnulative la rva l hatch, 5 healthy 
eggmasses of nearly uniform size of J4. incoani;ta wi l l be hand 
picked or dissected out from heavily infested roots of cowpea 
plants grown in microplots and t ransferred to 5 cm diameter 
l^etridishes containing 5 ml f i l t r a t e of d i f fera te d i lu t ions 
(S , 3 /2 , 3/10, S/iOO and S/1000) of each fungus separa te ly . The 
eggmasses placed in s t e r i l i z e d d i s t i l l e d water wi l l serve as 
cont ro l . All petr idishos including those of morta l i ty t e s t will 
be maintained at 26 + 2*^ C in an incubator . Total number of 
ouir 
hatched)larvae in each petr id ish wil l be counted a f t e r 5 days 
under stereoscopic microscope. 
For determining the effect of cul ture f i l t r a t e s on plant 
growth and disease developnent, only two d i lu t ions (S and S/2) 
of cu l tu re f i l t r a t e s of fungi will be used. Ten ml of each d i l u -
t ion wil l be pipetted over the surface of exposed roots at the 
time of individual as well as combined inoculat ions with nematodes 
and the fungus. 
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SCREENING OF CQWPEA VARIETIES FOR LOCATING RESISTANCH t 
Response of available cowpea va r i e t i e s wk<tli t o the 
individual as well as concomitant inoculat ions vdth M. incognita* 
R, reniformis and R.. solani vdl l be studied with a view to find 
out resis tance or tolerance in any one or more v a r i e t i e s against 
any one or more of the above mentioned pathogens, 
RECORDING OF OBSERVATIONS: 
! • PLANT GROWTH DETEBftlNATIONi 
Plants wil l be uprooted a f te r 60 days of inocula t ion , 
except s ta ted otherwise. Root system wil l be thoroughly washed 
with running tap water. Utmost care wi l l be taken t o avoid loss 
and in jury of the root system during the en t i r e operat ion. For 
measuring the length and weight, the plants wi l l be cut with a 
sharp knife j u s t above the base of the root emergence zone. 
Length of shoot and root vdl l be recorded in centimeters from the 
cut end to the t i p of the f i r s t l ea f and longest root respect ively, 
The excess water of plants will be removed by putting them between 
two folds of b lo t t ing sheets for some time before weiohing them 
separa te ly . The weight wil l be recorded in grams. 
For measuring dry weight, the plants wi l l f i r s t be kept 
in an oven at 60°C to dry for 2-3 days. Shoots and roots wi l l 
both be weighed. 
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HD0T-IO3ULE ESTIMATION; 
Nodulation vdll be estimated by weighing nodules/gm of 
root and will be expressed in terms of nod/root r a t i o . 
BQOT^ KNDT ESTIMATION8 
In tens i ty of root-knot wi l l be categorized on the basis 
of the following scalej 
0 = mi (No galling) "Highly resistant" 
i = Light (1-25 galls/pi ant) "Resistant" 
2.» Moderate (26-50 galls/plant) "Tolerant" 
3 = Heavy (51 - 75 gal I s /p i ant) "Susceptible" 
4 = Severe (75 ga l l s onward/plant) "Highly suscep t ib le" . 
aOQT-HDT ESTIMATIQHt 
To determine the root - ro t i n t e n s i t y , the e n t i r e root sys -
t«B will be observed for necrosis and indexed v i sua l ly on the 
basis of following sca le ; 
0 a Nil (No root necrosis) "Highly res i s tan t" 
1 = i - 5 percent root system showing necrosis)" Resist ant" 
2 w 6 - 25 percent root system showing necrosis "Tolerant" 
3 a 26-50 percent root system showing necrosis "Susceptible" 
4 sx 50 percent root system showing necrosis "Highly susceptible" 
NB4AT0DB POPULATION ESTIMATICNi 
For extraction of nematodes the soi l from each treatment 
will be mixed thoroughly and a sub-sample of 200 g soi l wi l l bt 
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processed through sieves according to Cobb's s i f t ing and gravi ty 
method followed by Baeimann funnel technique. 
The suspension vdll then be col lected in a beaker and 
Volume made up to 100 ml. For proper d i s t r i bu t ion of nematodes, 
the suspension vdll be bubbled with the help of p ipe t te and 10 ml 
suspension vdll be drawn and t ransferred t o a counting d i sh . The 
number of nematodes vdl l be counted in three r ep l i ca t e s from 
each sample. Mean of three such countings wil l be observed 
and the final population of nematodesAg oi soi l wi l l be ca lcu-
l a t e d . Reproduction factor (R) of each nematode species wil l be 
calculated by the foimula R » Pf/Pi where Pf represents the 
final and p i the i n i t i a l population of a nematode. 
To estimate the nematode population in roots» 1,0 g of 
root from each rep l ica te wi l l be macerated with enough water in 
an e l e c t r i c a l l y operated waring blender for about 30-40 seconds. 
The macerate will be col lected in a beaker and volume made upto 
100 ml. The nematode population wi l l be counted as described above, 
ESTIMATION OF NITRDGEN FHCAi NQDlLESt 
The plants vdl l be uprooted careful ly a f te r 20, 40 and 60 
days of inoculation and root system wil l be washed gently with 
water. The nodules from each inoculated rep l ica te wi l l be picked 
up separately and dried in hot a i r oven at 78 ^ 2^C for 24 hours. 
The dried material vdll be made in to fine powder and kept in a 
des ica tc r so as to ensure the a v a i l a b i l i t y of perfect ly dry 
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material for the estimation of t o t a l ni t rogen. 
The powdered dry material wi l l be digested by the method 
of Lindner (1944) as modified by Haque gjt a .^, (1972). 
To a 50 mg powder contained in a 50 ml Kjeidahl flask 1 ml 
of chemically pure sulfuric acid of 1.84 specif ic g rav i ty wi l l be 
careful ly added and heated gently t i l l the sample wi l l p a r t i a l l y 
d i s so lve . In order to allow complete reduction of n i t r a t e * 
the heating will continue t i l l the dense fumes wi l l cease to 
come out and the contents turn black. On cooling, 0.25 mi of 
30.9^  hydrogen peroxide wil l be added. The solution wi l l be t rea ted 
again t i l l i t turns colour less . I f i t does not turn colcwrless 
few drops of hydrogen peroxide wil l againi added and heated 
furth<»r to get the c l ea r solut ion. I t wil l be allowed to cool 
at rocan temperature. The solution so obtained, wi l l be t r a n s -
ferred to 50 ml volumetric f lask. The Kjeidahl flask will be 
rinsed t h r i c e with double d i s t i l l e d water (DDW) and washing 
t ransfer red to the volumetric flask and the volume wi l l be mad« 
up to 50 ml with more DDW. Peroxide-digested al lquots r i l l be 
used for the estimation of ni t rogen. 
The estimation of t o t a l nitrogen will be done after 
Nesse ler i sa t ion , as described by Lindner (1944). 
i'eroxide digested i nl aliquot wil l be t ransferred to a 
t e s t tube (marked at 10 rnl). To t h i s 0.2 ml of 2 ,5 N sodium 
hydroxide vdll be' added to neutral ize the excess of acid. Later, 
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0,1 ml of sodiuDi s i l i c a t e will be added to prevent t u r b i d i t y . 
The volume wdll be made upto 5 ml with DDW and to t h i s 0.5 ml 
of Nesseler*s reagent will be added drop by drop. Test tube 
wil l be shaken af ter adding each drop. DDW will be added t o 
make<-<jp the volume of 10 ml. The contents will be allowed t o 
stand for 5 minutes to obtain the maximum colour development. 
The solut ion will then be t ransferred t o a color imetr ic tube 
and the optical density wil l be measured at 525 nm on a "Spec-
t ron ic 20* colorimeter . The data will be compared with the 
standard graph prepared for t h i s purpose. 
Known amount (0.236 g) of Ammonium sulphate wi l l be 
dissolved in DDW to make the final volume 1000 ml. Solutions 
of di f ferent concentrations (0 .1 - 1,0 ml) of the prepared 
standard solution of ammonium sulphate wi l l be prepared by add-
ing required quanti ty of DDW to make the final volume 5 ml; 4 drops 
of Ness ler ' s reagent will be added in each so lu t ion , percentage 
transmittance of these solut ions as also of Blank (5 ml DDW and 
4 drops of Nessler*s reagent) will be read at 525 nm on a 
"Spectronic 20'* colorimeter. Percentage transmittance wi l l be 
converted in to optical density with the help of standard graph. 
A graph will thus be prepared for different solut ions in re la t ion 
to opt ical densi ty . This standard graph wil l be used for compa-
rison of our t e s t mate r ia l s . 
Any other observation of i n t e r e s t , i f found during the 
course of inves t iga t ions will also be recorded. The data obtained 
will be s t a t i s t i c a l l y analysed and in t e rp re t ed . 
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